


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1992-06 


The V-22 Osprey: a case analysis 


O'Brien, Mark Anthony 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/24099 
Copyright is reserved by the copyright owner 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | | Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


1 i KNOX appointed — and published -- scholarly author. 

ih : Dudley Knox Libra Naval Postgraduate Schoo 
LIBRARY dley b ry i | g d hool 

http://www.nps.edu/library 






411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 



































































































































































































































































































































































































































































































































PC ODVC Meee! s) caren Cael pe | Sead 
i Pate ce B ura Mort NG Y hens] Ret Thee ay rey i: at 
= hoe Saas ee en Ye ee 5 at Tie ; vee seed Pons, 
P 1 COR rer) "ec CAD Ct : Da hi 5 Ee 1s i may Penge 
os pte te fo am Suey ie y i or Pitta rear A 
Gh aC Cert ver $e Lt ae a | Fae he 4 ‘ 4 Bhi Sid One Baas atte Bird 3 
Ae py 5. pete b . ‘ ati oy Fi Loe Ny oa am Berea Sant Ws x ay an aooree 
ere ies SLES eta ie: aOR SEPT ree eth pn a ae aide Fed brio Pata aL iy ee ust 
a Lf Pay) ia < i ee PMN yc! RP i a teh 67% 8 ry ih aoe) Lt heh) ae et 4 Bela es raat ; Aah 
t ! cre | Py ev tha pet ed EN vi a : . Lat wee Pe fi “i Hy H ‘Tg hie rsh go» as ba aay ayes 
5 » P Ae Pr ae ee Per ALT ee hh od A rye 
mo en TT Sah CAH ROR OPREN IE Let, AYA Barf Att Mane 
eS oes bl eta ALL 1 ie wy Tie Ler 3 Tt pened Ag iH ta él 
: eer S bs R : Ses rar ' oie WS tie a so Wa OR ett ot Ale at he rar f math ae 
gh _ } eA ae Oat Ur a Ae Ae Be rma Hi 
ro A A 
2 D , uA See a OB 5 eres weal 
oc agisyet ri 5 
SY Me Fi a Pah ee ; Sere 
rarer | LZ % f or Cy fi hy 3h a 
> MEIGS eaecliee os en Bee ore a ae aT Ay gad agih SALE vn) HON ir Sprains Lit ae i id 
eG A 2 4 Es Pi Pin Rn f rn ‘s ALTE hid oneal (He ry 3 hs para eS ¥ 
eRe Sy ae ryt ar Ts Cee lee eee Le : Rae 
OD UR eo rr + Laan ae | met i rea} Pir ee res) val SiH have ares ae TE Tey 1 ay Peer ets 
9 ', Che a HE See aoe SP Pe 7 ss ake gene ate 9g eA g ite 
" 2 oer Sere rr ean - Jara de eeu or he a w on 
CC A rT ont | . es aly ec eran Fs 5 i ed oft er a : Atk STA any 
eee ie ue cas Mee, OS vr Pat eee are rier Laer Hy rt arf! pea ce ae Hae Ee A PRR if “ii iol ny it ae ra th 
fant Sl Oe ant Yar Tae NG JEL A “¢ Ae Bolt POR A Helbs HME “i rea he mak hicee Sree SPiemed a : SAE Mtr nit Re nee) a Rone i 
LY KMS Tar aan \ are rma ty ee eb he i Feed Fp. WALL i Sey Pay typed ton id, ¢ bt ; a wre Pies oe) 
pee Ub auc oaerrieitias Gretta] on , oe Aer ce be eh ge SPO Pry ty Ud at oD oye ang Laat he hy’ be Lee ta TAPte, Whee Se , Pres Prk ues Aer 
rT ? Heer a UE JAX A ie RII iy ‘ 3 2 tif atb'l Pu Nis be ae re fi “a t. Ave it Rate or 
es LA RU Sweetie cre ede ean hy age a Te ne vt Ona Prana) ph ERG at hie, u a A Ae ms r u rae. | ct Ht a Sb ir ate ae rat A 
A F é , hg ties frase ) yi * D Ti rt 7 r} 5 og + va hy 2! 4} 
Te Cre | er meres = eg B v Pa hd = hare Ui woe | A, ny ra @ Yeay ae 
ree ec ae ard fs 5 rn Kye 2 ra ear A iar ou Le, hee oe is : “ 1 ry ‘ 
hog Catt a Bae i. foe ay ent SAP eT. ee a a Ee Cale ced Mira ce Pl shed : i b nent 1h Pr A eer ia An ne Pa a ARS Ta ae eve Zs: i) 
re hy ne as ora F i te i f r ree 
ri ie p ty rth ry Ciara) bier) p 
mace so rnee ew rr: Pi roa rh ee Rane ie Ee ciao Bei * A Re BY cera 
ae S 1 P rs) ar iu « by - 
a TDs cas an Te ave ai i Fe al ARE etic By rtf ae eh ryt it vie 
he EE Trach icbesnt ec ; UP ee Maneek N Leer Wee 2 af RET : aay Peat 
‘ a reer Pr ee ae cpl Ye c ce re Seren Cnr be SH ee Viiehas UU Porat ath ae eu Ai rer Toe parr pay i 
: teen Her eae Ure eae is Aa nbs Orne i aed a fue rare hahha diet ea tae rar ar Hos pa Pa LPS, re TL) 
(ed Re ye Ae a OS TR Se ot tah i f ro 
ate Seton ae” thoes tpt y ee ne Ky mith THM TS Kaine SEA ts ror Petts ay rea rae 
rs Sa Sere eo Awe ps Hay 4y a BOS nA OT Hh enh PEt aio Oot nse ary ta Be Teak 
e Date Bs z Pi rar Hee es a nye ie Ot nee a Heys ari rae) ee Stale Baa Spee 
ae Tar | sy det 1 ae tgs ets 7 tad Vale! Ny Pk ar yg Party dass curl J es 
[Ph Hy aE ee ve 4 Sa SG i ae 1, Talye st ae Ore tees | a une are eee tad, M4 , ow ts fe 
A Soon oT * Pe | eon 4 rane i se Teel aaet sii ag cert paar Fyfe: Rae by eRe 
i Ca Ladies anes as tae x : SC eae) ri Wight tte Re Ra fee 
“iene apt te ra a eg e rane wh sgrinte 134 ie rs SOs ST LA Ae | : T} ; ot) Heo 5 os har ohn he we Ren , ES b Pr) ey 
Mo [ek Sa ae Sooners ee eel sree i Ue HP ae ie H ise a ry aes " ne 
Me" « fn é “se? he Pan Pare al | a Ud A akg fay teta® bs 4 Pie 
yar e's eC ar yi Cntr Va Tee Ue cr fea j are ea Sars Tas Ras SP eee spine Ae tiee ? SMC Wa ol A Cre 2? ay Baran eta th bite 
ee Sri ted | ie in SELECT fatal boas tet , i ce oe ee } : Pi ia ri Ue Rota itt 7 benny tet a Met Dt a Cer er Ps Bet 4 Wari Seen 7 et eo raer eer Ted 
Au Bo ere en CHUN pees ea aU Sa EAC Ce ra he Fra Sey TIT CIS FORD RIN itd CEU ARR sae Bev LAT IY DRE ie SMe Be tha ro K eR as ones Ny Sey fe- 
rn A Ds a " ° a ne a se hes 3 Al a Or meas , ah ee P.: ne 
Dine Ane oer oe mi te MS em EM BARRENS Drie Nepecaee staat ihe uy i ht * pes dee both ie ites wie rattl nt) A Pe Sate tebe ; A Lig Secret Rare 
. Rint an Py +e anh aio a aris , i? 
a eae ag tae SLO TR a Ae | ACCS eLE LARUE tL Sa ereNEERETT a a shpat cate 
4 8 7 Cea rd « ri es pa 
a all eed atta teee) nav Addr eet ua Aon re Raed Beery i i oi aah TH BE peeic's ST Se r ine Ph eta eres ae teva rere y ante te ar sy M6; 
eee aa ie or a a Pryce Seats dca ee may ait TP ‘, i) ‘ ay Aa ror eee Ce ta a ROL Ee ee ees Oe by ‘8 pate ‘ rey vi rtts oe ce puicetbnrss 
ied Meee ‘ SEAL Pitino MUlacy bee od ‘ Pe bry a YT T hes 5 ny ter hed verges! BG Le Mera ad PMY Sana Ry oT) 4 her yet Tt's" at rs 4 
, ; A Fr a Oa TT a ara mer rey Pooky PTY Arete re ee) ek: etre CMT Ea ee a | y 7 ans LER fs elt 
PRRNOR ESPEN Sanne EC Me TRL CERN RC AE GRRL NESE Ta PCH HR HarE Port et PR ee 
ee eed 5 a od rh ae re oe cry BEGIN. F Le py Mery are 5 RE aaa: a} rests vu Heth i NY f Tei a if titted he TAN Me Y ’ 
" ; ha a ieee Harry aa a . eT ROAD oh < Sept rpty ast ts Ay Parry Petre “ y 4 a B57 i's Ch i. He aa Sea tvte Sa nih 
3 raed Perk aay vd a A ag Vee ae the - Tre es a i > . et 
DOE ESC AICHE Sean aR IRR SES A EAC eRe saiegt og) F eey Raga arg tad ig aes Peete Sait 
; or : ae ae val ie We i eee ner eats Hoee el Tater te pee fet ari " eae t aie A BROTH R tha aerate 4 A 
oa : fl aCe ie F el ren vt erat Tt Dead NC MO pe reer . : t ere 
vo ep ain ee TERR oO yt ea eesste hitler A PvE ei ar? meee povpntas ot 46 DEOL? SoA ade Be “ss ar Pr ates fig eo Bega ee ms ae aN! Het 
+) Ty Rear Bel aS fa m aan! ee dgisets 4 ware widens ve §Ty aeksee LAAT ah Be Cee ae earns Mame eu a Ue Oe | a eh 2 Fig saaein ewe ry Mr st | 
' UUM a4 ea Fi “yh ipod t USporsetag gens rans Tania! See Et Rt aT) SLE ee PITRE TON Mr PER PPE SRT YU Toe teen eens Her e¥oSfiats™, Pp 
‘ Arcee] a ies , bt aC BPP Se ar shy Ty eara aber de Patt Ah Ne: aT St wise a 
ee ETON TES MOLE MT ae TT eS fier bers cote ess Creare an BTL ay, Ohad YA ’ 
. aT ; 
wo 
he ce Lh 


: 2 Oopbeteturg ? ay begye 
“* cl a CY RI oa Athen ety re eee og oat 


ished 


Pad tk tr es ‘3s bid read fs 


e rel Py 

eer - : sisters baat 
P * rt) 

aald’ at ce ‘ Vie Paap ni 






a es 
aR betas 0Fe gtd BPs 





FT Las 
Pr ee ere cs he YS 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Reta is 5 RY ir 
Pr a biatds ro eae) Hi a ot reeer tre oe eR eer ae ri 
SERS ees Wer eid ret a a sean a a y opie ea m pte i Ata po aes 
A FL: ass att eet | Are ats tar og os it a tae oD P Aa he 
A boeken ce of.) ae wa) Oe : ane a4 TT an uM a atid SLT ae ors PY eG UR a ier RES A ca Pedal Pane ft) Pe 4 hi Pe lp hey 
. co f ‘are : 0 ou he ‘ Ow A Ps 1 ed Ct re . “ed pei 
i wuretette be | . WSR NH a0 5 ere rn cr fa pela th ae Terres i) oto ee Sec hiel 4 reat wh bl efever ae owe 
Pe Sy ae ARE? Te D ME nt ta HE. earn SCR reRTI Pra! weno Re re Noe tee ie Sa ede 
no Pi Sc a ; he te tage . ; Ps ty Sunt 4 a is Bee ean fern) DAE BN Saarrr 1° My ate eres meee pede eb. bie ee te ae Te , REID Pi tf pate Far RS rorces vr pets Be rs Rae i 
Siac teaee ce Carder coe uci Re Rete AT UO Aes aS EO eh CR TEL SSM Fateh eter er PRE pC ve Spee 
a an) im > Sian er nee Hee th : are vi AOE: tear, r oe H Ha rR Fees eT Cree Ro Ha ) LATO i 7) ject g35 ay oe 4 EPPO re nth Ran ads pertedh ined M4 iP yrs at ny ara te 
Cee eee eT a ARS SO Teen Ter: rrr rns mn a re rare arr} “SSeait yee 4 peer eye (irc ee 28 Thee th Leen Pa er Tider stetate arty 234 pa ete Ee A tats 
: on i o 8 te CM GR TE Abe Pa) ost 
4 ae ae ao a a cL Pa ee ani acr a Se A! Teese bornksetde 2 iH ened Prat van bent Ty id cH rrr? vies ie nat ry ee eee » _ : RE it os ey eae ts ie Baath 
: S Wore face sae eh Rar taper cog eRe ers CPUs RUE oarh arog Prete eo Ave eal ASP REEL TE sO ROP EP : ra ay rae Var Sarita) ree ages es eth 
Q Teqaagh o UE ees os be bose eee fy yeMe SEamN con hate ad = seeMea heey at ghee shed ct Bi Tt a PT Ae ie ey Sr a bork Sa San ey ie Rae Mat Baa 4y, we peers pera are i hes taiet fith Fs My 
Cap Dat ae yc ae rd ee “ia atiede a Pea care a Ci? AG ha) Bl ne Bo! A Pome cee Cer eae On Pa Pe eee ee Co haeeurh ded bene 2) a3 Seer ers BS nee et Pa Peer (| Pat 
| ' Hie! o-Cleneee oo eio arcu enorl neat Le bPsrate 8 cddet a gt ore er f OB i tot bore San At OTE Tan a an Le Peery Aa de ithe aH Sista ie ttt oY 
r Sen Ph Scahokee oe , Sd aa a Re oe RCE Raractg La ean i" Ls DIRE bite HA te eens Ob BAS CE 5 
btn oT aa PCat Trey Cyt Fite tee 12aedy eae fetee eh tah teen aed Y vpreataed na DU et pre erate Re Si Abbe PUPAL LU tat tat bh A ia 
ie $ 1 ry ss COL tr Be & ones, » Sal Jee ve ‘ A aoa gh whe ee *f sash - A ae ery er} Gai 4 caro Yb otk rn ee Peieree Cie 
=n oS eres Crh They REE cahes. Oe eee Ard bs RO er tee : at an Br ts aa ee bit et Pe Testatatte rh a 
BAN Pt ee See ee on 2 aa Per +" os Sas oi an Aa aR cm N ye eA . me ea ee " ay eas Aid) feds 
SO anys A s Labs SAE Ree eae Hs me See ee ee eh S ae en coo 7 ak irr okosrey EF F : 
Bas> aa 9 a 5 A a ' te : ah . F , et a i ; + ry 
7 " Fi ea, ri ie Ut any ¢ Ha ay 4 revered JOE OOIE Br hac had d Rete A Aart cies rn ret tg r Lt ek MAT pheol st te) ty * ais atu ri rt ew te e ae 
A 2 a tpeeqit ord toheee SN ath? og o cae hot mere Ie De Da Ri LS be Sn Srl at 0H ivere riety: Prt PeSer | ‘a A ee Reet rea ahr robs ee SY fat wigs. ebay ie Wed 
ere) er ren ee | ee CM Be Oca Wer ET 8 ER a Pee eo: rv; TPO SETA Weems) ati ae HE Py ae vase R eb 
‘i Ppt pa MECH AV ETSY ahs EO Tees a an, HPL an ai ian Birth epen rete yy Cavey ok eae He AE ED. op AA > Pe 4 
bd cay bd . 3 a ' i . a ben 
7 x B ee et j al ae as ; ‘. a a Mee Rey a7 pags Tat aa aE Hy Car PO Eat H Rh Feet) - : 
‘ A pace . Bear , . ttt s) pe weds te F r : 
me ee Pier. $a ST ran Us BAS AO pd BL a) Pre aN si atin: 5 ie ate 3 ee HES A ee aed | He ty. RS ea cre wo Ht Paap prised hr bg eee oes ae Deer ae arse 
AND AIC IOLA Ona Hpetead © gtk gp spe, 2 S = eub eae eth te Ane ae o Sree Nema reer : ur be 4 P aS Mt Se ate te At ‘ PUES othe. Pers bee Sree PE ae St aN od BY tot Lehi kD a 
+4 Cee Ae ici . Yer maT 0 eee SCO oh fats ena) ates ey hee PCE ey ee HOS Prat et yan PRs Pee a Beaty Ni matetio tier ari RIP PLEy mee TO | ecb ee Ree RITE tat et aor Ts ay 
Tree OH D prpccn Pa ga Ate Sie e TOR eT Se LCT ee The CSR YE IT Oe re 139 se err TN et BT ET by DT oars UParsne pat eri eu ae M ao y ri as Watt eae tr | PAU EE 
eer ee Wee eT pe cere ore een Ue A hea ee | te Hae PRON Ort Shea JO LCI tae rer EL ace He Ms At ar | rr) stg orm as bee Oe LORY tt 2 he) on a ark tar S| a Pa Dera ] iets 
* 5 C o a 1 S * < B Ss ere) ' 4 Aégic’ Ep peda co ei yo 
F ERTL ITT ST Ae Hie arr J Pee Ok a weer a2U wf Bd) Pe shad ge eye ace a ssf; Reeee ae Me pues be ie yi? i Ps ligeng on! Gr er Peed id he i H rs * A: rat) FN Par hhis 
' ‘ hg Ct Yad | at yy whe nae | a Cae h City Co) ee ae oe, a | + Pate are ater ure) a “ Lees i pire Aarerr Oras Stal eee) el AS et | a 
| oe eee ect AE Piraercarr ba rece F oe Re Cane ate, ME Sea Poet Bat od aay ee Ear Rt Pate ie Rare ee Pearce Ryne ate be EERE eee ee 
Cy Cd pe wae Shee Pe ny ea Paris rT ee) any pei} aE BP eT ae Pry Lorn i a Lee. rer ampere a rte tree Chee ead ie Be a Pare Pe) ro el eR 
e re a se * ‘ Loa i Py in rere are Ped whe ol Ty hh 1 i oy a Cyd PY ALP alto bd + ha re mn FitrePo he Shane ge ‘ “ 
fue? Shin es), Sachets dh fae ainp wa stae MUIR stm SE LSE ATS a RAIA Sat er yea Fears! 
eh a Pra i - a we eee | ne rere, eee) eee Pa ra ae er i & ae PAY Ne tvRanT rete te xf aa Ory TE wet AG, cae iO Liat Lee TN gh a TR NR tt 
rae er ee 4 faa LA eared yee ticeh, td Ia a CA ear CYP aS? as of 3 AP ter 2] ‘eee aict gtd Ftd i! Bes ad abs i re ee ce ie rs “a oe ay Hing A has Teh ob Sef ae: 
hy BL “s uat) (gat sabe Par tert Sey Ler (oh re aL eee bs ae Us Ly ato Ni ; Pe Let ay a9 Oe tok Oe a hg cw ebacat Aer) oe tye rer ats ¢ mein pita e a a et Yd Aes a Bs 
? ne ra Sc tr are Y ! / a ng ei “ Perera | 4 ase SE hi . ‘: yr $ ae | ae mC Tey a Webern =r) A fait Pay os 5 ahh, seu aoe 4 ate HY is Toe yo eae fhe 
ave 1 4 tee UC eee eke eer +S ee * D aA me rs Peas eee an De wera TD La ere Re etn vay ere err re Pate daal + he HN ate rit Pcr ee weer) 
rs er res ace Ela aee obs nee Oe 4 TT 5 as, Cr a ison Ch ea Sid Uy ROLEAT OTe Or ae BOY sir ey arb bar ed DOSE Matto ty eh) Cree ret hae be eres 
a alee ES ora seeat ot is aie de? aed cay 3" BROS Cy aah a: Rie ta eee rie i rien ays ey EAS! Me cod DPE¥ te : Mag: c i Pe i SxThG A} Peake eee 
a OE Tit CORON aE UICCUC eS Ser Ue vas Harpe ec Pi Ta n ere Rit gah tts ae eer eet ~ a ae i ta oth Mt % patente ae aes} : 
“a HUT 4S Sop RC eRe, Stevemy ae abdnes Ne eedears . Sart te Cah Cee et tie eae atage cian eater ere) ah tats ieze$ ; 
O a 7 A re Rr 2 aeppth, at Rheire Me Ly a rm os 4, ar toe ied dal tn} 
eh NL i ao ate aes a Peery? Pen ry ag ant ae LN ae a 3 i rath Se Prt ee ‘ £ Ath. ara iat ge Pe: Sad LCP PIN 11 Ss bt Sat of PRLS Boe eats 
ee Rea Te OH LTR Mac EN coe Baas Richt ogre Se see ea 1 Tey Rar RMP GRDTE PM RCI RRR SENS Ce 
iD mins Ar arts id ed (oer wy ae a Pea tS | CL Pe Tai eres Ts EY SEH esti { + 1 Pea teh ty he ; ari eth Ge erp Gy ET 
‘ Pi oe Sten Ota a J Cert, Mere tie Te acs Li 3 eee ees rh Pre erd MC MaR Over: Demat Ped Por) Lh ee D areas bab. it Vit LSE CeE RTE Ce ROE ee TLS . Py CHE Leas ot Pl Oret Ub ied 
ag wt Te Hs aa ES TANG A Fee i peer eat ety oe ee a bt tredeqnrd hy Pra Bee ie oe Bes iyee ur Habe PIViCRe Tf ns Peer PPL PSR AOL tty EaeO| “'hee ered viets tartare cab RA pWeta aa oy 
ov en tS OY vi Perea obese eh BPA Shay tebe g f tees Oty 4 SEPT Yast it Pee Tae LA eer rer cer hs mh SEEN Sa Wee 74 LEyeset tere, go Hi bg SPADES SD had 
ary " Dec Cr RSP YL ace ye 4 pec Reet iGO tt aaa / eee he TS hr  AMiN eT ae ee ware! et tie a bols Nae 
Pri rican Ute ty Ren) ee Peidke claroe Perey SENS PY the ey PA aD Oa wae ek steely te ‘edged a ibe vie beurts 1 ia A bE TEA mM ahr Thai hy arp My) ry ee ait, Net etre ae Resta 
LIE ole seer sed ACERS oe re Wr Cae PR PPV UE eee UT) it heer ues) Sap EL Sete te” Set ache a eer b ah LL Pay ea ar weiss " SATS kant ie et mae = h 
Boe) bE ig) SRS r Pe | ed EES ya e 4 ately 4a eat ’ A eee} M 5 * 7s eae ae 
F \ ery ee ae) i Cer aT tiignd) Bee’ ope goa “aaa ay } Tt a re oe oo gin a) Re bares Pu na wa ark oH 
Ee ae | Pt ati ' S Pa Par reyr an * Sakae sand Hee Po See Pe hice, We F 45 7 ns ie ae Wu tsod es Pi eR hres ta Pe Fr te ehh Ste te shat Pr rae i 
J D Ff . a‘, a a PAT eee r® VEEN f ¢ = Pete. i ee xt ok Ay 
' Pai a Sar ads A wy ads poate 8 axes a aay cps GicLee tess ee Tatas tn Sth a Aen ae LN Hg Pee hte Be Ea See Pit mae PT ent 
I Sie on ts on asus ct aa : ATURE eS Te earnest i Atty te Ales ERC TCS aS UN teary fat eS i Ne oy at GT! Ser ML tae fee epee Pec Tpit ag Der ou yeas me 
bat 2 F ae s 3 ae Oe hae v4 be reer tye Pat ae tae ees LLP : PV KY Stor ey c ‘ § oer Sr 
4. Nee MMe Py Breer Sere | Pn hy 6) (ee ETL ae rele dere tana! bse! ae Pad raethe hr | F a reer ayy bh as i ps Bn ae te oe i 
eo) bala A mes ICL eS mL OrCrt mri ary ey ee tae’ ry ee: RVI fet PTL okey ae Le eet yl hated ra he idea 4s Bae n Det te tre oa tt coir ek ry ae eat ae Is 
: ; : rae ae ts eee CAT ee Rene tte Latte Pre ay eee PE aaa uy Uae gt os, Biren eh hae i te Faves 
ey eer ee Bos or ner Mme eete barrie ee voy Re PEO COA La ta ell Rata MYER PPL RCL 1 cea ed PoPr et Pa ea pes Pastis toa) 7 pete CPi Ltd m heater a Carer as ah rears Sanede agate es 
: P 44 # a? ‘ ee es ei, 4 5 ex er | weAe fq sodta 20 Tee rs Pes ashe ee wes ete ota i Pte Pt PY 5 Phy ue gy ray ns Pes aor tee 9 ar hte iv et 
A ae ay Ln hy Ws a rae TE se r veh RA Mie athe 14 # Abe ; eee eT AR 4a : i ory hl vere CaN od eu * SHURE aa Na re a ATT ith Bie OR 4 ee ; 1 Seb et Rr arate 
er eer Ca ane ed ie dte tg pain Je I 5 Soac thre: eva RE ree Seta tiny Ly an LG Nes ier ans ERIN ASP 0 af) a} “8 a8 ” Pea oath As 
meg “ ra ° PE ia ore eet “ys Harry SY Sere PUTT? CONE Tt PTE Le ee ee DY a ATL Ra BOO KE aint f heel tase Caro rer tt 
Cr ar Pett a rt Peers acs La + Jaselesed i 5 Aer hcieT a T  O COTS hah Rate ep aR mi saben Pars Fork Saketa*y Pe TUN ean Ue ey 
hoa fares rh Sa os oe ni Pre oa M ; buck pe 4 agar Ae bd abeg me 6 4 oh ¢ ty Le Ley ear Cviage 5s 
oar te BUG hey An Tv © eee? Pee ‘ ei | o> Gas aa Ce ar ar rs J re et ry bY A AES aa 
a ar ve ne bel eS arr erm CLEA ae ves mar AA een re A HT ad Le Le OEE a, c ae HS Pa R Oa Toate Re Aves 
aa * “. 1 ; a rir ee ee et | ee pa ape [ ery til Mere) yaar > te) * es . A 
Jt eaeda RR, Hee eas rath eee ae eH GEC EET UE ah ep Peery een Gh ea , re ty Ty 1 . f Sey aera tt 4 ras qrergsieged? ely Pe us ee he es Ree 
, ae J ‘ 5 u ‘ ae ; : Dy M o Be aA hed 
CPR cre er ccc OS mcs. OR eae LOVE Ra Amr EAR REL eA Ty Bilge ears fount Pee REE preter reh 
Lan % Ser cs er TT te : id Feerereca Lit men yh eh ere r Mi bd be oe 4 = rk Sane er ht. aT 2g Fe SF a 4 ny ry hr] 2 rite er a4 7 RP Bote Hiri he TT : 
A s , 5 es errr ae) Sa es + ee rf rt dyede oe ry oti a ad ry Sut v 
ot ree pina Fes eta ri ue H Ac Se nee & | ae eeganrg Aue ine bein oY Sah aed Hols hi tte sega eye refuse cy ites Tere breast toe ror i Rate Peat atte he 4 on ash mes ie PA aae ef 
r LP Lg hal et * a fie rhs Mra ht et pe oie ALT ee er ee | Se Lal EAL) Ilo oe 5 hte rye eet aes Ms or q +4 40° th! oY x tot ae vate a ’ a 2 We iF P Nhe oy ar] ard le earn eS 
wf pi i <q gis 883 4 eg Sy , C hale ; , 3 tate cath iM re ra 
7 Orr Cone J arin ar Ce a <ifes ie BO Roun Pema Peate: eae Tan So Pi $3 rer oh bee aT He PLD “. : Sart “othe Biers Ser ea tas se Sint 
Ne ae eS reer ars vi rhea ee Tee Ueasheves fey <abs 4. anata ete a © egy ah ea ast Lit rita erty rc faa Ube PLE ETRE, Bs #4} te 
Hy bi Coan A AU OG CO Sie eg A STN Eee! OOH rie Roh ee of H 1¢ 4; or fy ae t i on ‘ } Suir Per Peay Cae me 9 +t Re fe retry ere 
Pee ad i A ot & Ltt ceria yy we ie oir Pers eek et ee | Ph eR ar oad i he Fer” Fay ey 1 Be} ‘ CT 
‘ ASL TOE eee "4 yee ae eric rity bie ba adh i ies aie ty) oe Hi Ret ane nit ria ta Ia, NE “eee iB A 4 ssih Ps Pebery T Poh Rh ae peat At € f ee 
ne Pate th Sesrusnr a at se sede tgs se fs ste atie teen stleaes bie COL ha Mina PPL DR INR DRE ab Ry PS aD a idea Be hee He rE etbabl eo pepe te: I eens rich 
ee ene Iva PAR ORT VECO ORI: CAC RL Ln HE CCAIR RS TTR eee Hine Cagis HEM La Se Ae ror 
Ma? aay enone eno CL ToL eR ICRC Ln eae a SR Ke NC taetiialaie Fie itn aan ree 
oF Se Blk Madi Fi Creo reer tie tr ! i meabaigee te! i S z3e. ie re bo wie Ceti r Bete} 5 eer 
ha br ge ga Maddeetam § BF t4-Be se ORD ag ity os aa ci Pa SYA wee A a ete Th Tier ie ee Prab we ao re wh) ok reas te owt’ re rtrd 
_ Rae evades. ACESS Ie TLRS Ue eet aa OY RY creer | pat) ih re ies Fede $4 5055 CORSA? gts Sehetuabe dere i 4 4) SPER St te fi brie he! et P het FF, Mifet 2 ate % ef 
Hoa ea Pela be Byer eer le Oa “BE Mite Spiced welt. Tne eatE SLE en PRS vite tat Hr ee el tetra er Poet Rae Rb Pectin te iy 
Ab UI Lam | ryt trial te at : eee COAt Wy in Ser ae ets oe SRN Pie i EI loa SSE af PG ve Pete) in Pee Velen, t Sei A iY od at s Tae £2 fw ete 
a ROE en SST Heer Swe a ieee ea PTH nie : aie? wee are ie Pie as tg 
‘ BS Fe ay 5 Seek lagi ee oT ars Ue hosed 4 r) Laat ri U 
ae bie J ei Tren atic SY je ag euler Pin AC ee vee atts rs Saad ped fark re] TTR, th ; Tg a oe A ee i vaestd Bias aw poh heh 2 Sep > 
. a ane CS ar ae hes ae UM errr ny Sh arc ba oak BO eeegeg At Y “i veleta ie Pa ve yt eon ey aI Pie yrs ae Ct A 
a ; TAT LES ir Wairoa RRS | baer ne anghat ati Sea oWieeu Mey Eta 
o art Pee o) a « 34, « A e 
aan ne sear o Per ; a oN My rhe: On ae . oy PMs 
LU 7 "adit Ff ‘ Fy ra A hee es ie t rot 
* Ap ; ie witb de “a ba Rot wit HA Ce t: er he Ser j ape abet Tig ae anh HT oh ” Pe 4s Cae aE EL MS. 
ae Rs STC Ce cera at Ca Pike, SE ae RAE a ately oe Pas Laat arma rant AH SES Stat be ty a Rvs 
A Aen erie et oe te ea an Lert See ed A a ay | ag “eee s me 4 8 Pt 4 Pa eet) ry f 
ei ere me ore ie Py HN adr arp 4 re rear AST be ed Fa Mt 6 § Pap ah Pa yh ftet Pprare Dt AT LCM oe GS LY Batt i Crore Bore HAG Ye Past te oe Lae ee 
ay ais A win aa) pe ree oe 17% be re os ae | Pe aT oe A Waa FY ad ay arte } gel i vee ¢ 6 if SER Oy ea r Re ee ae et heat} ar | res SOAS has rete © 
“5 >t woe . Pie te a 1 a ry ge tr. ee A Sou sa ' ay ALS i iF | Hes rary 4 Tie é oJ a ad eee * rf Yt Fj a Asay) of hy Hn aia rae ris £55 A 
Fu wl teeters go) fe cab ne ee A ath sea on it wenn ease re tdaed. OF Seta z pl Lip ey, Yi ae TY) te guattey ey Te 
SR SO GL Tana OE PSL Pe RETA eT Ra Soest WaT a Rica era iat bt ate 
a i a fy 7” a th ti “i vita) ae EBLE G ae M4 “et a teh atte J my PY ae my ¥ at Phe a A on i teen Ry ; Ce 3 Pa i H yee 
¢ f . ae bE Tae Pre Ht pea ght ab 8 tai : ra coer Pat Af o Perey be] MAST SS 1 i Siegs eg 
a A , y ‘ Sebotey raed aka CLT Oe: ee Lara? oat Rs f ars, Ldaig eels 4 . 
Pe aDTum ne eee ee De eae ih oH MT Scart a + eae lh ae roar rit Par eis i ry ie OH re i Sy rr ato rie ene p Pos se 
= = 5 ee ae Pett ’ Pie Pn Ate Seay ye’ eed TCS eT eee eres a aS" “yy teids ew OG f pi Pati wired d rp pp Be n 4 Nie 
Su renee TERE Beg oc ea irene Ey US on Tih te rie) Bite a at at HE a ae He ahd rer es eat 4 Ree Feb Re 
. ry * a . | . ts . 4 Pi ry a 7 
ne ite Pr a is eden Bt a ri ee Fu i bade fe HG Eh Pe dead at he oD i AG i ie Mute Pe te bee 
Py t a eo @! rs s cy aah : t Une cd A ‘ “ ‘ pe i + 981 ha ry Ny Port ¢ belt] RRR Soe ii 
F Pee lag a . A “ose Fy " A dete - 
S fencg one ed “Mgarh potas Pian ieee yr, r 4 ae Neg } ee Oo mg gpa Ct hehe 
PaPaRR eo oF ‘ 5 J F ES eas 
. Spire. ify od rs Pca we LE re pain PS a BG tay] tart ayer ee ati aban , PET TEP var tee iit) 
ae ae Gi i J niet aan Ply ey er Mee ry fee ot reastan ec tes H ot ey arth 7 Yi faa HEME eH aa ai} Pa ee ae ed rts 
oa cd cad seh pcg eAP 8 ot he OP Na 7 es Pr? Shae vo ee ee hehe os é we is in Fy oa ee ie eure as Eg ca 
a A Cer nan, ye erat 2 City RORY SCT one CT aT PR ae eas BO are a} aT a es ALP oe st Be 
a Oe Meise es ea Ca Ted tp erate ss be atet ere Py He HO To gt ary tee Poe oy Mihaiet eg bed 2 OT hr, A {;° Pare They A beep aoe CPM at ee per 
OR 5 , A nee Le Re slang ro A aa pean ee fag 15 A a 2 mo: +e ae Ps mr ered A Ro a ie a CR at) Eby Mees ae aS ht pal 
Lr A aod Ey 4a" |e i Hy rP . Fy t | Dee hee ees Phas age 4 oe vf , th Pears teary Le ae ria 
Pane) Cae eR rr hO94*" « Cae SSitvit Meee ‘ A hoe pt tnegtes af Kf acd Pe a, Pr wires ory ar ehy 
; s ASR) er 35." a1 VR ot ee ey Boe oo eee te PPC hare erry eee i eta LS Webs Bs bat aH a ps A BY. n Poet Wi seye AS Be Lore pers Pd OF ber Sie eek 8) iy pet 
es Pane Ph Yo eb By ia KT as i ORS aL eat} ak Medes rr Harare bd {La Jem mt aE LP a ce Somes Sr ae hone ay V4 t28 an re a Bae ie 436 L 
fs Ve n au ea aia Sorry ea a ” ‘ Preeee PTY) OC cae ok Be AHA + Cm er AK aut ds i ruqas Hf Kear oe 
ive aay Hs a aah ee 5 oe A AAT eee VE 457) “Ovsbete ak f A Pree Saar EraRy) 10 Aid tb +} “itd Sabte Mi eedard 9 
ry cane . r Peeler y a oy hee : Aa Fh AG Sein Re eee ha oan 4 4 “Pe PH Cy le Or rer rae ety TH i 
PT 3 pr aes t nh =U mt , Lap a a "i es ecriiy i} MG es Soe om sere te ty SNe REPENS oa a ety te ry a Eee ont re a a hes at ep he cee beds eh ee ri Ships Ae 
=. 8, ae a0 “Fea e oyatl | t38y Qe sere dts ay yee rye Gps or ghe\s sane Pa oe rd Pras sUgtyrt + Tyee eye esd iasige. rei a - ac eer vs aa eng Riot es Me 
ee) se eey L F) he a oe Aired ae hoe “ Ass Tye H Pa ei ce cy ete yyeay ti ssa yer HES Pe Orato 
ate oni! co APL: haan a Par ta UT te BA oy Ate SUH ity A PeeaGen Sitet 76 ora cdeyte a calate ee en pie Re ae 
Lie i Le : nhs aha) Maks iis aot (i: ie is r *panege Sete eas ae py A hee + i eres 
see e 7 Aare ae, D ass OL he e@ ge gty Cal oy LS ree" 
re mee Lona A re in ths ey a tie SAE e ; ct ti We Pie Retin id Deb rR 
FH , - rss i 
: ae yee DOU: s ry eo moet tt tae ‘| a ati Caer hea oa ays ee ae aL rie os 
br i SUR OL P . Tere nat a ae mer Sry Be ee Par Ire Teeny Sr Ye Ee aa at AEE PL pe ED de i Sih 
fo ae eae Pre Ree a oy oe Thor Ti 1S ee weget . Lng 1 Oe or tt es RO a 4 Tia ACE i ete: ce ee 
Sy Gane BBCi oo ee ae at iy A ane ue we ra Ma Lr vr ad $2 sen gh eyes! ae te "i Sarr ti as ay ied, € 
a s * ade ry ee ae} y o a - ” a} r) naar } aH a ate st erat] Hi 4 Ff ie 3 Peete ts Mi Cn ie i bd PHB a oe) 
s ee ae Be sp ee , ip So eeaye He 9. apes nee ey iy a ae be eae eed Pieper Agel Vitae ei Rete, 4 tas ov 
hd ieee a et, hen eect pa or PY rAd mre. We: o p ie es DAEs te Pat oh ae a Tite Pats Cake oe es 
AL Ga ea eI AG Une Cuil ‘Hoh et ayse 2 Pe CRE ety a Pe ot BN Fee aie Gh eh 
te ] pO an Ley her . ay Lets 2, Tio e a has SI Pee rn LS ar eb A poi PH OF rT Pay ata 
TT] PT 7 rd . oa rr 2 y C6 Pte, HE i ELE we ety Te ell Ba To 
Hi ola r Pid ae or a ri ree, }! rae uF re! as eas Le abate +¥ A Pee ‘hoe 
vs Soar ALI UE SA cP ae oar e) vA 4 ait aa SM “ett 3 
= Pac ‘ ar Tne) é % MARL Pn my dA RE u 
‘ = ORS ee he Fl «? Une eee at eta Pett ee { te ue re) re Neh een Sa cr pe iby at aot aH 
ee JS aR Tr as as Shay a ree a fr % 1B fl or A a ria Pn ares i hon Wah : cr3 (3 re ane co) ahh 
bd = oe ‘ = % HY Lied a . an y 
oe Arte? aura irae rhe ca Re re) OmRee rf | ae There Pee LA Stag ath Ay aera Ths Mra \j y fas ie She 
» , Md * , 
ee a Le AS SITE : Py AD eet ee a} "ts an Btaete ‘Ys Se Ls. 1 fi ; Shri eth oa re et tees ea tn He 
A x a Be Th t ee el et Pn ae ties N Pe ey rr a ee eee ede i % aie ‘y ae! he os St aot 
© Sets pie SA re ues F i Cae oat JL Pe ae, ey Sue Th aia $ LAE (mei) 
: ’ Pe ee eee Pe Und iris tir (ty irr blir Tere Secs OP te le Seay amity be AT hae aD Pah 93 ae Pa AT eee 
, oe aa De Pe ebb Te Bossi tayeridigien rs BOG gli Yee ae Hitey aoe 0 “ae ya? ee oe ‘ Rea bisit eae 
H "eon oe veh oes sale eee ae Ir) chap ts w rae oo “was ¥ 9g, 2th fi 
eanAt he oc ", aor Peat teh 0 ‘ H tg oe 5 
: Hi pad bark tha ease be FAR Kt Nt ive otis: 6 fies Ty es ; 
. n iy . > g.siea ott os } St aa ieee right & 4 te tot a sae e 4 Hi rere Le 
2 Se ree cre Sie oar Heb dy 5 Fu te ee oy OM aft ratty mH ORC O re iy Rat ¢ en 
Pir Pn eA OR ae Raat |: aid erg aoe vkay vita i ry Cr a au na B iar “t ait a0 tee) He ers i Rete forsirh Bek 
Ore itt ape 4 aston hai a ie EM Sue ia H a ich ! oe tH Bas <y? i Wy Brera Party a pest bats ay ye Erp ener ns ih 
<5 bd " A Lt heer | 5 rahe . A Hy Fhe ae va 2 ie beta Ty yn wr) tls sie iL i] Poleaiad winch 
; SE ej i. qa tt ers partie ' bolt rn on en a UG i a x ah hes ae) ox in; ‘ pei A ey i tek 
F CORY Soe ei re era Lene’ Bb Peer Pee oto te SU 4 ye Yt eT Ais He tt ‘3 4 
Sa eT gee Roca maine ROE Tac a een ae eR ae 
ro ae " ar * eel phursty 
TF Ue es AOR % oe ih Ronny Co ne aay os ie Par ie i uy . Cee’ Saas 
H CTY Y ee had ah pater is? uP Pe yn crt At ante 
' ‘ ‘ nie rit Hae as iy ”, N Nites or ia ander ath ad ALS at at pear) Ar A Oe 
I ry E . ys 2 e " MoT ant taf | sal Fr r 
a Np Assis Tate BN ad te aT ML LM Teed eae Pst a 4 4. Hee 
se SORA EAN ge os . PR Uae ere Sa SHMR ttn seh oe 
5 ae f 
P »? Dr ee ey 2 iy 
r : nN He Ce ea errs verse CRs ip ie i eta Y af So 
ae STOR COE OT Cts ee Bates Ro UR abe Pits ra a yet 
. ‘ : a Co tat ees ae ae 4 eG a H roe MYT aah ve 2 
a rh Par He Te Se ee rR Rs ah ae z gear LS ihe Paha Heer eh hh 
= 2 " LP a Ei a Ae a ius ‘ ‘ arty 
Hes x Hares 7 ave Cee ae a ar Te mt ty se ysaeed Me ied ‘i Ba a eta ape TON mate 
ut 4 Oa era iT M4 Oils oa acy . 4 P 4 cH ee op S| os He) el ches ail ery aa i 
f eee An riety py eee ets oe ee Peas 4 eee Sat 0 biel bd Ba 
A Seamer tee on arian neg ert cee f CL PRB ati ar 
° : : , Seg RY digeetacast fo. T asO As tinace a Hen yee STD 5 3 AU ‘ 
JN re pa ey Ahr Be, err Cae “ere any Inefead dt eb hoy yi ia as Spe an ae . pie tt UA ets ky 
5 6 1 sf t Lira | WEE 
y Rr Ara gh a Be 
t“tefe , or 








ne etn aT sae at Erie 
se ate bas a 


1 
Rota SALA 


t 
f 3! ; eee Dea id fuer 
Late ae I aL 
ee 


AD cy A fy 
0 








re Lt ener) 


any hea te 
















roe 








Fh iN 7 anarr iy 



























1% Ki 
Mears nhs 
ee a) 

os Neat 4 ay Leb vs chert i ctaten Bae Drs 

BUG! Utter erat Ps ra Bu 


on Pat be 
Marie ART # EES 


rit rh ae be Dhar a ae 
ry at At cod et 4. 


aE Pet 
oe ie at 























Oa s city 
Sires ELE, r rie ree ds 5 
Sen bhgy (4 bat 
a bi, SY 


sr larae mr 








a “a LIBRARY 
Nia. Poti (GRADUATE SCHOOL, 
MONTEREY CA 93943-5101 











Approved for public release; distribution is unlimited. 
The V-22 Osprey: A Case Analysis 
by 


Mark Anthony 0'Brien 
Lieutenant Commander, Royal Australian Navy 
Bachelor of Business Administration, 
University of Southern Queensland 1981 


Submitted in partial fulfillment 
of the requirements for the degree of 


MASTER OF SCIENCE IN MANAGEMENT 


from the 


NAVAL POSTGRADUATE SCHOOL 
June 1992 


UNCLASSIFIED 


em LASSIFICATION OF THI 


Form Approved 
REPORT DOCUMENTATION PAGE OMB No. 0704-0188 
REPORT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS 
UNCLASSIFIED 


SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION / AVAILABILITY OF REPORT 


Approved for public release; 
distribution is unlimited 






DECLASSIFICATION / DOWNGRADING SCHEOULE 











ERFORMING ORGANIZATION REPORT NUMBER(S) 3 MONITORING ORGANIZATION REPORT NUMBER(S) 


6b OFFICE SYMBOL 
(If applicable) 


55 


NAME OF PERFORMING ORGANIZATION 






7a NAME OF MONITORING ORGANIZATION 


Naval Postgraduate School Naval Postgraduate School 





’ ADDRESS (City, State, and ZIP Code) 7m ADDRESS (City, State, and ZIP Code) 


Monterey, CA 93943-5000 Monterey, Ca 93943-5000 


8b OFFICE SYMBOL 
(If applicable) 


NAME OF FUNDING /SPONSORING 
IRGANIZATION 


9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 










H \OORESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO NO NO ACCESSION NO 





TITLE (include Security Classification) 


THE V-22 OSPREY: A CASE ANALYSIS 


| SERSONAL AUTHOR(S) 
| Mark Anthony O'Brien 


TYPE OF REPORT 136 TIME COVERED 14 DATE OF REPORT (Year, Month, Day) 19 PAGE COUNT 
Masters Thesis i ON Ea nest Ree cee 1992 June Q 9 


SUPPLEMENTARY NOTATION 
The views expressed in this thesis are those of the author and do not reflect 
the official policy or position of the Department of Defense or the U.S. 
COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
FIELO V-22, Tilt-rotor, Civil and Foreign Military Sales, 


PF fs Performance Characteristics, Economic and Political 
Ft (irdtsti<‘“‘éSC*@LS OIsues, Cost and Performance Comparisons, Simulations 






i QGSTRACT (Continue on reverse if necessary and identify by block number) 





This thesis Is a case analysis of the V-22 Osprey program. It examines the history of tiit-rotor technology, as well 
me =the history of the program management. Congressional, OSD and USMC/USN interplay is detailed chronologically from 
% 80 through to 1991 with particular reference to Congressional action during this period. Various studies and simulations 
ia 3 analyzed with the objective of establishing the V-22 as an aircraft which is capable of fulfilling wide-ranging mission 
fj teria established by the Services much more effectively and efficiently than current or planned aircraft. The commercial 
74 6d foreign military sales markets for the V-22 are aiso examined. This thesis concludes that the tit-rotor concept has 


@ nsiderable worldwide potential for both military and civil appitcations. 


Ma OISTRIBUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION - 
Me QUNCLASSIFIED/UNLIMITED () Same as RPT OC) oric USERS Unclassified 
NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL 
Alan W. McMasters (408) 646 2678 AS/Mg 
“orm 1473, JUN 86 Previous editions are obsolete SECURITY CLASSIFICATION OF THIS PAGE 


S/N 0102-LF-014-6603 UNCLASSIFIED 


ABSTRACT 


This thesis is a case analysis of the V-22 Osprey program. 
It examines the history of tilt-rotor technology, as well as the 
history of the program management. Congressional, OSD and 
USMC/USN interplay is detailed chronologically from 1980 through 
to 1991 with particular reference to Congressional action during 
this period. Various studies and simulations are analyzed with 
the objective of establishing the V-22 as an aircraft which is 
capable of fulfilling wide-ranging mission criteria established 
by the Services much more effectively and efficiently than 
current or planned aircraft. The commercial and foreign military 
sales markets for the V-22 are also examined. This thesis 


concludes that the tilt-rotor concept has considerable worldwide 


potential for both military and civil applications. 
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I. INTRODUCTION 





"The Bell-Boeing V-22 Osprey Program is one of the 


most ambitious aviation acquisition programs in 
history. The challenge of integrating three new or 
relatively new technologies (ie. tilt-rotors, all 


composite airframe, and fly-by-wire digital controls), 


makes the 


V-22 Program one of our ‘highest’ tech' 


aviation acquisition programs. To date, the Osprey's 


mimee—rotor 


successfully 


technology has yet ae) be integrated 
into either a commercial or military 


azperaft [Ref. l:p. 4]." 


The above statement was based on an analysis of the V-22 


Isprey Program 


Srototypes later, 


conducted in 1988. Three years and five 


the status of the V-22 Osprey remains much the 


game and the future remains unclear. Although the program was 


adequately funded through fiscal year 1989 ($333.9 million in’ 








advance procurement funding was appropriated for the pilot’ 
production long lead time efforts), the V-22 Program is currently’ 
in a deadlock status. In an amended fiscal year 1990 budget 
submission, the Secretary of Defense deleted the program due to! 
its high cost relative to its fairly narrow mission, stating the 


mission could be performed by helicopters. Subsequently, 


= — 


Congress restored Research & Development funds through fiscal: 
year 1990, but delayed a decision on production funding [Ref. 
2p ae 

This thesis will review the V-22 Program and analyze the 
events leading up to its current status in hopes of providing a 
better understanding of how and why it is such a controversial! 
1ssue. 

The thesis is divided into six chapters: This chapter isa 
brief introduction. Chapter II will discuss the background and 
chronological events leading up to concept formulation of the 
V-22 Program (Milestone QQ). Chapter III will analyze program 
management, contractual developments and acquisition strategy 
(Milestone O through Milestone II). Chapter IV will discuss the 
interface between Congress, the Department of Defense, and the 
Marine Corp/Navy while providing an in-depth look at the 
Congressional history of the program. Chapter V will analyze and 
compare the V-22 against proposed alternates. Missions 
investigated include Combat Support, Combat Search and Rescue 


(CSAR), Anti-Submarine Warfare (ASW), and Special Operations. 


drimary emphasis is on the Combat Support or Marine Corps 
1issions as the Marine Corps is the lead service for the program. 
‘hapter VI will analyze the commercial potential of the 
ilt-rotor concept and detail opportunities available to the 
‘ontractors apart from the military procurement program, 
neluding a brief analysis of Australian requirements. Chapter 
II discusses conclusions and recommendations on the program's 


istory and possible future. Included in Appendix A is a list of 


V-22 Firsts" contributed by the Bell-Boeing team. 


II. BACKGROUND 


The V-22 is a tilt-rotor aircraft designed to take off and 
land vertically like a helicopter and to fly like an airplane by 
tilting its wing-mounted rotors forward to functian a3 
propellers. The V-22 is being developed in a joint effort by 
Bell Helicopter Textron based in Fort Worth Texas and the Boeing 
Company based in Seattle Washington. It will be required to 
perform various combat missions, including medium lift assault 
for the Marine Corps, combat search and rescue for the Navy, and 
long range special operations for the Air Force. Details of the 
aircraft's characteristics are shown in Appendix B. 

The concept of the tilt-rotor aircraft is almost as old as 
the commercial helicopter, formulated at Bell Helicopter in the 
late 1940's. "Conceptually, this helicopter/airplane could go 
twice as far and twice as fast as a comparable sized helicopter - 
on the same amount of fuel. Tt would have twin 3-bladed rotor 
systems mounted at the tips of the wing. In the helicopter mode 
the rotor blades would rotate in a horizontal plane. Then, during 
forward flight, the rotor hub would be tilted forward 90 degrees 
and the rotor blades would rotate in a vertical plane like an 
airplane propeller. Thus, the basic concept of the tilt-rotor 
Was. Dorn: [Refs 3:0. 2). 

Evolution of the V-22 Osprey Program continued through the 
1950's with the design and development of Bell Helicopter's XV-3, 


the first tilt-rotor aircraft to successfully convert from 


jelicopter to fixed wing aircraft. This mir st in-flight 





sonversion took place on 18 December 1958. 


? 
| The XV-15, a follow-on to the XV-3 tilt-rotor program, was 


initiated even prior to the XV-3 program's completion: "Research 


r development continued during the 1960's but with little 
J 


a awarded Bell Helicopter a contract to develop two tilt-rotor 





overnment assistance. In 1972, the Department of the Army and 


Hemonstrators designated XV-15's. In April of 1977, the XV-15 


| 
made its first hover flight and, in July 1979, a full in-flight 
zonversion from helicopter to fixed wing. In 1980, both 


} 


demonstrators met their predicted speed and altitude of 300 knots 


and 16000 feet respectively [Ref. 4:p. 5]." 
| Although the tilt-rotor concept was gaining interest, 


progress was-~ slow. The Iran hostage situation in 1980 
) 


PeWenstrated the definite need for an aircraft with the 


| 
) 


sapabilities projected of the V-22 Osprey. Timing of the 
jlevelopment was not right however, forcing the U.S. to rely on 
ne Sikorshy RH-53 Sea Stallion helicopter for the hostage rescue 
attempt in Iran. Unfortunately, the RH-53 Sea Stallions proved 
to be the weak link in the operation and the Iran rescue mission 
Failed; the RH-53 aircraft were incapable of accommodating the 
rescue mission's weight and flight requirement. In the case of 
the Iran rescue mission, "the 900 miles of desert exceeded the 
2perational range of all helicopters. A transport aircraft, such 
as the C-130, was not acceptable because it could be easily 


detected when landing near Teheran. The U.S. needed an aircraft 


capable of landing and taking off in a small secure area and 
flying undetected over a great distance. The U.S. needed an 
aircraft with the capabilities of the multi-service V-22 
tilt-rotor aircraft currently undergoing acquisition. With 
tactical aerial refueling capabilities similar to the C-130's, 
the V-22 could have flown secretly across the Iranian desert at 
200 knots in its airplane configuration, transformed to its 


helicopter mode, and landed undetected in a secure confined area 


near Teheran [Ref. l:p. 2]." 

Possibly, as a consequence of the unsuccessful Iran rescue 
mission in 1980, the year 1981 proved to be a major progressive 
leap in the evolution of the V-22 Osprey Program. Following ar 
impressive demonstration on the XV-15 at a 1981 Paris Air Show, 
the then Secretary of the Navy, John Lehman, directed the Naval 
Air Systems Command (NAVAIR) to pursue the possible option of the 
XV-15 as a viable solution to the Marine Corp's aging H-46 fleet 
of helicopters. NAVAIR established the HXM Helicopter Weapor 
System Project Office in March 1982 with the first progran 
manager assigned in June. By December of 1981, the Milestone ( 
of the acquisition process had been achieved: "The Under 
Secretary of Defense for Research and Engineering (USD(R&E)) sent 
a memorandum to the Service Secretaries suggesting that the 
multiple rotary wing missions of the Army, Air Force, Marines and 
Navy might best be accomplished by a single advanced aircraft 
such as the XV-15. In December on 1981, the Secretary of Defense 


issued a memorandum establishing the Joint Services Aircraft 


program, JVX. This was regarded as approval for concept 
formulation, waiving the need for a formal need statement [Ref. 
mo. 6]. 

On 7 June 1982, Bell Helicopter Textron Inc. and Boeing 
Vertol Company announced a teaming agreement to participate 
jointly in the JVX Program and, six months later, the JVX Joint 
Services Operational Requirement was published. 

The JVX aircraft was officially designated "Osprey" by 
secretary of the Navy John Lehman, in January 1985. "The Osprey 
is an ocean hunting member of the hawk family found throughout 
rhe world. It is noted for its agility, powerful wings, and 
swift flight. The military designation, V-22, was assigned to 
the new tilt-rotor. The U.S. Marine Corp's aircraft (MV-22A) 
¥ill allow combat assault of 24 troops. The U.S. Navy's aircraft 
(HV-22A) will provide a combat search and rescue capability. The 
J.S. Air Force needs a Special Operations Aircraft (CV-22A), and 
the U.S. Army (MV-22A) requires and aeromedical evacuation, 
itility and logistics aircraft. The U.S. Navy is also studying 
an ASW version [Ref. 3:p. 4]." 

May 1988 marked an historical point for the V-22 Osprey, for 
it was on this date that the Osprey took its maiden flight. 
Setween this significant first flight and the middle of 1991, 
there have been five V-22's flown and 550 flight hours 
accumulated. The V-22 flight test program had proceeded along 
smoothly until 11 June 1991 when MV-22 Osprey tilt-rotor 


prototype No. 5 crashed just three minutes after its first flight 


LIEe ort; Despite this setback, Congress is still providing 
strong support for the V-22 Program, as evidenced by the 


inclusion of funding for the program in the FY90 thru FY92 


budgets. 


III. HISTORY OF PROGRAM MANAGEMENT 


As discussed in Chapter II, there was a Joint Memorandum of 
nderstanding between the service secretaries establishing the 
ilt—rotor aircraft weapon system acquisition program in August 
Psi. Following that August 1981 memorandum was a memorandum 
rom the Deputy Secretary of Defense on December 30, 1981, which 
ormally established the Joint Services Aircraft Program. Each 
ervice took this as approval for concept formulation which would 
aive the need for a formal need statement. Within the life 
ycle process for a weapon system acquisition, this served to 
ulfill Milestone Q. This was arguably the first time that a 
ingle aircraft had been identified with the multi-mission 
apability to serve the needs of all four services. The Deputy 
ecretary of Defense backed the Army as the executive service and 
ppointed a Marine officer as the initial program manager. With 
he Army as the executive service the program would be executed 
sing the standard Army development and acquisition procedures 
Ret. 5S:p. 4]. 

Each service agreed to reprogram $1.5 million to conduct a 
Oint technical assessment of the technology available for this 
rogram. Under this assessment, in addition to the tilt-rotor, 
ther technologies were to be examined. Among those were 
Onventional helicopters, compound helicopters, the advancing 
lade concept and the lift/cruise fan concept. The tilt-rotor 


Oncept had the fewest drawbacks or conversely the most pluses of 


the technologies examined. Specifically, the lift-cruise fan was 
not fuel efficient; the helicopter could not meet all the mission 
requirements for range, speed and maneuverability; and the 
compound helicopter was heavier and had less hover efficiency. 


The tilt-rotor's strongest points were in terms of speed and 


worldwide self-deployability [Ref. 6:p. 22]. 

In June 1982, the Army Chief of Staff (because the Army was 
the executive service as appointed by the Deputy Secretary of 
Defense) formally announced the selection of the Joint Services 
Aircraft program manager which the Deputy Secretary of Defense 
had previously endorsed. The only formal training in program 
management this Marine officer had consisted of a three-week 
Executive Refresher Course and the twenty-week Program Management 
Course given by the Defense Systems Management College. Although 
a highly qualified aviator with a bachelor's degree in Electrical 
Engineering and a master's degree in Management, this was his 
first assignment as a program manager. 

On June 4, 1982, a Memorandum of Understanding was signed 
for the Joint Services Advanced Vertical Lift # Airemane 
Development Program (JVX) by the Secretary's of the Army, Navy 


and Air Force. There were three specific objectives of this 


particular Memorandum: 
(1) Development of a common advanced technology vertical 
lift aircraft meeting multi-mission service requirements 
while achieving a significant increase in performance over 


current aircraft. 
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(2) Reducing Department of Defense costs through execution 

of a joint development program for a common aircraft. 

(3) Achievement of the earliest practical Initial 

Operational Capability (IOC). 

IOC tends to be the most crucial date in any weapon system 
acquisition. The inclusion of the "earliest practical [0OC" 
statement in this Memorandum would seemingly indicate the 
oSrogram's importance to the services. Also included in this 
Memorandum were development funds for FY 1984 totaling $167 
nillion and conditional funding approval (for planning purposes) 
For the rest of the development program. The shared funding was 
jivided between the services as follows: Army - 46%; Navy - 42%; 
Air Force - 12%. A panel of Flag Officers was also established 


ro oversee the program, resolve program issues and report back to 


their respective services (Ref. 7:p. 23]. 

During 1982 a Joint Services Operational Requirement (JSOR) 
Jas developed. This document identified ten service specific 
Nissions plus a joint requirement for self deployment for which 
the common KVX would be designed. This JSOR was approved in 
Jecember 1982. Subsequent to that agreement, four missions were 
jeleted in August 1984 and four other missions were added. With 
respect to aircraft specifics, the requirements called for an 
alrcraft with a cruise speed of 250 knots and a minimum range or 
2100 nautical miles, unrefueled. The anticipated buy for the 
number of aircraft was to be approximately 1100 for the three 


services. 


11 


Milestone I was reached in December of 1982 with the 
approval to proceed with the JVX by the Under Secretary of 
Defense. The Deputy Secretary of Defense approved an acquisition 
strategy for the Joint Services Aircraft on December 8, 1982 
which NAVAIR (as the program manager) signed in January 1983. 
This strategy included risk reduction techniques as follows: use 
design, wind tunnel, and flight test data already developed 
during the Army/NASA xXV-15 ti lt—rocor program; encourage 
industrial teaming; and competing the preliminary design effort. 
This strategy also dismissed the requirement for a formal review 
of the program as required by DOD Directive 5000.1 since the 
Defense Acquisition Executive had approved the acquisition 


strategy. The Joint Services Aircraft did not require a separate 


demonstration and validation phase [{Ref. 8:p. 31]. 

On December 13, 1982, the Secretary of the Navy approved an 
addendum to the June 4, 1982 Memorandum of Understanding 
designating the Navy as the executive service for the aircraft 
replacing the Army. According to the program manager, the Army 
deferred to the Navy regarding the IOC and the Marines (as part 
of the department of the Navy) had the most pressing need for an 
early IOC date. The Under Secretary of Defense (Research and 
Engineering) directed the Navy to take the executive service lead 
on December 27, 1982, but only for the airframe with the Army 
continuing as the executive service for the development of the 
modern technology engine. This memorandum also shifted the cost 


sharing proportions established in the original memorandum to: 
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Navy - 50% (up from 42%), Army - 34% (down from 48%), and Air 
Force - 16% (up from 12%). After the Navy took over as the 
executive service, the NAVAIR contracting officer, the Assistant 
Commander for Contracts (DOD), and legal counsel changed the 


contracting strategy from fixed-price level of effort to a 


cost-plus-fee arrangement [Ref. 8:p. 33]. 

The first Navy contracting officer was named in December 
HIS 2. This officer had been the contracting officer for three 
other programs, but had also been the Navy contracting officer 
for the Navy's forerunner to the Joint program. The second 
contracting officer was appointed by the Navy in February 1983. 
Subsequent contracting officers were from either the Navy or the 
Marine Corps. 

Following the release of the final request for proposals for 
preliminary design work in January 1983, the contract for 
preliminary design was awarded to Bell-Boeing in April of 1983. 
Although the Navy anticipated two contractors would compete 
during the design stage, the Bell-Boeing team proposal was the 
only one received. The other anticipated proposal was expected 
to come from Sikorsky Aircraft but, despite an eight-month 
extension to the design stage, the proposal from Sikorsky failed 
to materialize. 

In May 1983 the Army withdrew from the joint program. 
However, they rejoined the team in September 1983 after a Defense 
Resources Board meeting. This Board approved continuing with a 


fully funded Joint program for the JVX. The program continued in 
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design development in 1984 with the combined Bell-Boeing team and 
the support of Congressional funding. The total number of 
aircraft projected for the program at this point was 913 (down 
from the originally anticipated 1100) with a unit cost of $14.6 
million in 1983 dollars according to the Navy's acquisition 
strategy of December 1982. In January 1985 the Secretary of The 
Navy selected the name for the JVX to be the "OSPREY" with the 
first flight rescheduled for June 1988 and IOC planned for 


December 1991 [Ref. 8:p. 39]. 

In March 1985, a decision was made by the Secretary of the 
Navy to develop the OSPREY V-22 under a fixed-price incentive 
contract. This was the third shift of contracting type in its 
short history. When the full-scale development contract was 
awarded on May 2, 1986, Milestone II in the DOD acquisition 
process was completed. Six aircraft were ordered into full-scale 
development. 

Coincidentally, the Navy's acquisition strategy was under 
evaluation from Congressional and House committees" concerned 
with waste and inefficiency. 

Although the teaming agreement was to maintain the 
Bell-Boeing team with joint production through at least the fifth 
year from initial production delivery, top Navy management 
expressed a desire to have Bell-Boeing begin competing with the 
first production lot. The decision on when to have the two 
businesses compete, if at all, is still open for negotiation 


between the Navy and the contractors [Ref. 8:p. 39]. In all 
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likelihood the final production contract will be effectively dual 
gourcing with the contractors being a Bell-Boeing consortium. 

Congress funded the program for Fiscal Year 1986 through 
1991 to the total of $2.7 billion of which $2.2 billion has been 
for research, development test, and evaluation [Ref. 9:p.8]. The 
First flight of the V-22 OSPREY took place on Sunday March 19, 
L989. 

In the Secretary of Defense's submission of the Fiscal Year 
1990 budget, he deleted the entire program, saying the cost of 
-he program was too high compared to its relatively narrow 
nlssion. When he cancelled the program, he also directed that 
$200 million of the Fiscal Year 1989 procurement funds to be 
-e-obligated. 

So what is the program status as of November 1991? The 
srogram remains in the development stage and is not currently 
ready for production, The major problems identified thus far 
vith the program, although there are many minor issues, are with 
she weight, vibrations, display latency and software development. 
Additionally, the program has grown in cost. The total 
sroduction cost, as of April 1991 estimates for 657 aircraft, is 
ow $23.3 billion or $40 million per aircraft excluding engines. 
(It was $14 million in 1983). It is interesting to note that the 
cotal planned aircraft procurement had shrunk from over 1000 to 
957 at the time the production portion of the contract was 
cancelled. It is now generally accepted that yet a much smaller 
Duy will occur if the program ever does proceed to the production 


stage. 
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A potentially major blow to the program occurred on Tuesday, 
June 11, 1991, when the fifth prototype aircraft crashed just 
about three minutes into its flight in Wilmington, Delaware. It 
has since been determined that some faulty wiring to a gyro 
device caused reverse polarity resulting in bad flight control 
system inputs, and thus should have had little or no detrimental 
effect on the program as a whole [Ref. 10:p. 14]. 

The program manager is convinced the problems in the 
developmental craft can be fixed in production models. Congress 
is also still behind the aircraft at this time (June 1992). The 
Secretary of Defense, however, does not feel he can afford the 
program and continues to not include the V-22 in his budgets. 
Faced with this instability, Bell-Boeing is actively promoting 
the potential civilian applications for tilt-rotor technology. 
Chapter VI examines these non-military aspects and identifies 


them as a potential alternative. That chapter also considers the 


markets of foreign military services. 
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IV. CONGRESSIONAL, OSD, USMC/USN INTERPLAYS 


&. EARLY CONGRESSIONAL HISTORY (1980 to 1987) 

As discussed earlier, the V-22 procurement program grew out 
of a Marine Corps requirement to replace its medium lift 
helicopter capability. The Marine Corps/OSD made the decision to 
pursue tilt-rotor technology to meet this need and funding for 
JVX (which later became the V-22) was included in the FY82 
Federal budget. Congress subsequently authorized and 
appropriated funds to initiate the program in FY82. Since that 
time the program has enjoyed relatively strong support in 
Congress. Reasons for this include the potential for civilian 
applications, other service (i.e., Army, Air Force) requirements, 
and the Aemenstration of a completely new and unique technology. 

During this time the program also enjoyed strong support 
from within the Defense Department, most notable the Secretary of 
the Navy, John Lehman and the Commandant of the Marine Corps, 
General Gray. In addition, the massive military buildup 
initiated during the first Reagan administration under Secretary 
of Defense Casper Weinberger ensured adequate program funding. 

Despite the favorable climate for the program's initiation, 
there were nay-sayers both at OSD and in Congress who felt the 
program's costs and technical risks did not justify its 
continuance. Against the program almost from its start was Dr. 
David Chu, head of DOD's Planning, Analysis and Evaluation (PA&E) 


shop. Secretary Lehman claimed that he "had to fight David Chu 
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every year on the V-22 [Ref. ll:p. 14]." However, Lehman's 
considerable influence both at OSD and in Congress were 
successful in keeping the program well supported at both levels. 
Congress funded Full Scale development of the now "V-22" in FY86 
and in May the Navy awarded a fixed-price incentive contract to 
Bell/Boeing for three ground test articles and six flight test 
aircraft. As an indication of the importance placed on the 
program by the Marines Corps, it assigned as program manager, 
Colonel Harry Blot, fresh from a successful tour as the AV-8B 
program manager. In 1988 the V-22 was listed as the Marine Corps 
as well as the Navy's number one aviation priority. The Navy's 
number one aviation priority at this time was actually the ATA or 


A~-12. As a classified program, however, its status and hence 


priority were not subject to public disclosure. 

Problems with the program surfaced in 1987. A new Navy 
Secretary, James Webb, under budgetary pressure, endorsed the 
program but with considerably less enthusiasm than his 
predecessor. The Army was having second thoughts’ about 
continuing in the program due to uncertain cost projections [Ref. 
12:p. 2} and the Air force reduced its buy from 80 to 50 special 


Operations force versions, again because of budget constraints 


[Retrwis peel Z i 
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5. PROGRAM CANCELLATION AND THE EVENTS LEADING UP TO IT 

(1988-1989) 

Problems continued to grow for the V-22 program in 1988. 
The Army officially dropped out of the program in February, 
resulting in significant per aircraft cost growth. Additionally, 
program delays and weight growth threatened the entire program 
[Ref. 14:pp. 1-3). The flight test program slipped from 
mid-1988 to March of 1989, with the first flight of the V-22 on 
19 March. Congress became actively involved for the first time 
in 1988 in urging DOD to investigate the civil applications of 
tilt-rotor technology as a means of lowering overall program 
costs and "to give it some resistance to current uncertainty in 
funding [Ref. 15:pp. 6-7]." 

In June of 1988 the OSD PA&E shop headed by Dr. Chu released 
its report recommending the termination of the V-22 program in 
favor of a more cost-effective all helicopter option. The report 
remains highly controversial as it was developed "in house" by 
the PA&E shop without input feen either the Navy or the Marine 
Corps [Ref. 16:p. 1-4]. 

The remainder of 1988 was spent investigating various 
contracting options and funding plans to keep the V-22 a viable 
program. By the end of 1988 there were definite signs that the 
V-22 was in trouble. In November OSD cut the Navy's FY90 budget 
request from $1.2 billion to $900 million, funding 21 rather than 
the requested 36 production V-22's [Ref. 17:pp. 3-4]. The Marine 


Corp, however, still considered the V-22 its "highest priority 
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aviation program ([Ret. J18:cei In March of 1989 the 
Secretary of the Navy, William Ball, recommended a $1 billion cut 
in funding and a one-year delay in start of production. The 


Marine Corps opposed both the funding cut and the production 


delay [Ref. 19:p. 7]. 


ez PROGRAM CANCELLATION AND SUBSEQUENT CONGRESSIONAL RESPONSE 
In April of 1989, the Secretary of Defense Cheney announced 
the cancellation of the V-22 based primarily on the 
recommendation of David Chu. As Dr. Chu stated in his earlier 
PAGE report, "the V-22 was a cost prohibitive option compared to 
an all helicopter buy of UH-60's and CH-53E's [Ref. 20:p. 18]." 
An amended FY90 budget was submitted to Congress in May of 1989, 
deleting all funding requests for the V-22 and, instead, 


requested funding for a new medium lift replacement alternative 


study (presumably Chu's all-helicopter option) [Ref. 21:p. 27 |e 

Congressional response to Cheney's cancellation move was 
slow to materialize, by June the House Armed Services 
Sub-Committee on R&D had voted to shift $351.8 million from the 
B-2 and SDI programs to the cancelled V-22 program for FY-90 
[Ret..<22:0.. 1354]. Congressional support for the V-22, while 
always strong, increased markedly from June through the end of 
the year. 

Representative Weldon and Senator Specter of Pennsylvania 
became the primary leaders of a growing coalition of congressmen 


who strongly supported continued V-22 development. By the end of 
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1989 this coalition included over 125 members of the House and 20 
Senators. 

By November both the House and the Senate had included full 
R&D funding in their FY90 budgets despite OSD's request for the 
program's cancellation. Production funding, however, remained 


tentative. A list of those supporting the V-22 is presented in 


Appendix C. 

Congress provided $255 million in RDT&E funding for FY90, as 
Xep. Foglietta (PA) said, to "allow the Osprey program to fly for 
another year and to sell itself to the Defense Department ([Ref. 
yo: P. 5)." As part of the FY90 authorization and appropriations 
bill, Congress also directed OSD to complete a Cost and 
Jperational Effectiveness Analysis (COEA) study of the V-22 
oSrogram. The Institute for Defense Analysis was tasked with 
analysis of the V-22, focusing on amphibious assault ina hostile 
2nvironment, long-range special operations, over-the-horizon 


landings, subsequent operations ashore, logistical resupply to 


forward deployed forces and self-deployment missions. 

In December, Secretary Cheney ordered the cancellation of 
5344 million in FY89 advance procurement contracts for the V-22 
($260 million of which had not been spent). This decision set 
S9ff a storm of criticism from Congressional supporters. The 
jecision to terminate existing FY89 contracts was termed by Rep 
Neldon as a "blatant disregard of the defense authorization 
process and for congressional will." By cancelling the V-22 


Procurement Weldon said, “Secretary Cheney displayed the ultimate 
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in arrogance by trying to administratively subvert the defense 
budget process while Congress was in recess [{Ref. 24"p. 24]." 
Weldon further stated that "the cancellation decision while 
Congress was in recess would further galvanize congressional 


support and damage the Pentagon's reputation on the Hill [(Ref. 


25:p.e4ioq.” 


D: 1990 CONGRESSIONAL ACTION 

In January, still reeling from the decision to cancel FY89 
procurement contracts, Congressional supporters tried to 
determine the legality of Secretary Cheney's cancellation order. 
Despite their anger with OSD, however, most supporters agreed to 
abide by the Institute for Defense Analysis (IDA) COEA 
recommendations which were due to be released in April. In the 
interim, Rep Weldon continued to solicit support for the program 
and to lobby fellow congressman. Calling the Pentagon "penny 
wise and pound foolish" he asked for a re-examination of the PA&E 
report, arguing that life cycle cost analyses would show the V-22 
less expensive [Ref. 26:p. 193]. 

The PE&E report based much of its conclusions on the 
technique on dual slinging heavy Vehiolee on CH-53E helicopters, 
thus decreasing transport times and/or reducing the number of 
required helicopters. In testimony before the House Armed 
Services Committee On February 20th, General Gray said, "I 
consider this whole dialogue of dual sling options totally 


ridiculous, it has nothing to do with coming from the sea in a 
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wide variety of scenarios... Pemenas SenoOthenduste 9 do) with 
warfighting. It is totally ridiculous and tactically flawed" 
[Ref.27:p. 6]. General Gray went on to say that a 1989 DOD study 
found that the helicopter option would cost $6 billion more than 
the V-22 option. 

In April, a study commissioned by Bell-Boeing and corducted 
by the BDM corporation found the V-22/CH-53E mix vastly superior 
in combat effectiveness to the all helicopter option but $7 
billion more expensive. This was based on a fleet on 602 V-22's 
[Ref.2:p. 93-94]. The IDA report was also completed in April as 
mandated by Congress. However, OSD did not release its findings 

to Congress until mid-May. Because the report's V-22 findings 
were in favor of the V-22, supporters in Congress accused 
secretary Cheney of trying to willfully suppress its results. A 
discussion of the IDA study is contained in Chapter V of this 
thesis. Table I provides a summary of the report's findings 


(Ref.29:p. 42]. 
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TABLE I. SUMMARY OF IDA CONCLUSIONS. 
MARINE CORPS MISSIONS 


: GREATER SURVIVABILITY OF V-22 PROVIDES [REMBA Sica 
MODERATE ADVANTAGE IN AMPHIBIOUS ASSAULT MISSION 


: V-22 IS MOST COST EFFECTIVE ALTERNATIVE FORSSUSTAaiE 
OPERATIONS, HOSTAGE RESCUE/RAIDS AND OVERSEAS DEPROG Vina 


ae A NEW HELICOPTER SHOULD BE DESIGNED [TO MARINES CGRES 
REQUIREMENTS IF WILLING TO START NEW DEVELOPMEN® 


a MARINIZE CH-47, IF PROBLEMS WITH QUADRICYCLE GEAR GAl—aEe 
OVERCOME Al Ow COsr 


a COMBINATION OF SMALLER HELICOPTERS IS REQUIRED TO Cake 
TROOPS AND CH-53's ARE NEEDED ITO SATISFY MEDIU Ee 
REQUMREMENTs 
(** THESE CONCLUSIONS ARE ALTERNATIVES PO) tne 

OTHER SERVICE MISSIONS 


. V-22 IS MORE COST EFFECTIVE THAT HELICOPTER ALTERNATIVES 
SPECIAL OPERATION, SEARCH AND RESCUE, AND DRUG INTERDSG@ Ries 


Mis one 


y 5-3B IS MORE COST EFFECTIVE THAT SV-22 FOR ANI1-SUBiOEa 
MESS ION 


NEAR TERM COSTS 


e HIGHER PROCUREMENT COST OF V-22 LEADS TO LARGEST NEARS TRS 
COSTS OF ALE THE ALTERNATIVE. 


In June the Senate Appropriations Subcommittee on Defense, 
led by Senator Spector, held hearings on the "IDA study of the 
V=-22 Osprey." Others providing testimony included deputy 
commander for warfighting General Pittman, USMC, who said; "he 
initially opposed the V-22 but now calls it indispensable “ange 
went on to say See Sac V-22 would have saved lives in Panama. 


Dr. Simmons, head of the IDA study presented its results and 
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answered questions from the subcommittee. In rebuttal, Assistant 
Secretary Chu presented OSD's position with regard to IDA's 
Findings. Dr. Brel aicagreed with many of the assumptions used to 
generate IDA's conclusion and was of the opinion that the high 
up-front costs of the program do not justify its continuance. Of 
all those testifying before the subcommittee only Dr. Chu's 
remarks were against the V-22. 

| Both the House and Senate embraced the findings of the IDA 
report as justification for continuing the V-22 program. All 
nembers of the Defense Appropriations Subcommittee expressed 
2ither strong or at least general support for the program's 
continuance. 

Based on the positive findings of the IDA report, 
songressional supporters developed plans to insert funding into 
~-he FY91 budget over the objections of Secretary Cheney. 
dowever, Defense Department spokesman, Pete Williams, said ina 
L8 May press briefing, that "long-run cost arguments for the V-22 
rilt-rotor have eee been rejected and will not prevail if 
rhey are the basis for an anticipated reinstatement 
recommendation from the IDA report [Ref. 30:pp. 288-289]." 

peecentative Weldon blamed secretary Cheney's 
inwillingness to consider reinstating the program on Dr. Chu who, 
1e said, "has always been out to kill the V-22, and when he got 


access to a new Secretary who needed to make some quick cuts in 


30 days, he got his chance [Ref. 1ll:p. 101].” 
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The remainder of the year was spent arguing the pros and 
cons of the IDA report and the cost effectiveness of the V-22. 
Congress continued its strong support for the program while 
Secretary Cheney remained resolute on its cancellation. In the 
end Congress approved an FY91 budget which included $238 million 


for RDT&E and $165 million for long lead item procurement. 


E. 1991 CCNGRESSIONAL ACTION 

1991 started much the same way as the previous year with the 
Defense Department submitting its FY92 budget with no V-22 
funding. Congress, fearful that Secretary Cheney would not spend 
appropriated FY91 funds, closely watched the V-22 program [Ref. 
Spee od | 

In April, a Joint Hearing of the Procurement and Research & 
Development Subcommittees was held to review the V-22 program. 
Martin Ferber, Director of Navy Issues at GAO, delivered a report 
on the status of the program [Ref. 32:p. 60]. Several areas of 
concern were addressed but were felt to be within the 
capabilities of the contractors to fix. It was felt that the 
aircraft could go into pilot production in FY92 if long lead 
procurement funding was provided by July 1991. Program manager 
Colonel Jim Schaeffer concurred with the GAO report and testified 
that, "The program is still in the developmental stage and, 
being a developmental program, problems will be identified. 


Correction of deficiencies was to be incorporated in a concurrent 
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Meroe production lot of 12 aircraft but that contract was. 
terminated." 


Termination of the authorized and appropriated production 


contract was the topic of many of the members' remarks. They 
accused Secretary Cheney of exercising a line item veto. R&D 
Chairman Ron Dellums said, "In effect, the Department of Defense 


is exercising a line item veto of Congress's intent, and that, as 
we all know, is against the law." Congresswoman Lloyd said of 
the Department's actions, "In my judgement, the cancellation 
amounts to an unconstitutional attempt to exercise a line item 
veto. This 1s unacceptable." Congressman Dellums’ also 
complained that the Navy was not treating the V-22 as a major: 
procurement program and had yet to assign a Program Executive 
Meficer (PEO). Congressman Bennet put it this way, "Maybe the 
object of the exercise down there (at OSD) is to shoot this snake 
in its hole, no matter what." Throughout the hearings every 
congressman expressed at least moderate support for the program 
while most strongly supported its continuation. | 
Only the Defense Department's Comptroller and apiece 
financial officer, Sean O'Keefe, was critical of the program. 
While he acknowledged that the program was not cancelled because 
of technical concerns, he stated that the Secretary of Defense 
feels that the program is too expensive, most specifically in the 
Short term. As a compromise, he said that DOD is willing to 
continue RDT&E efforts as mandated by Congress but that the 
secretary remains firmly opposed to procurement. He promised 


Chat OSD would release previously held FY91 funds to the Navy to 
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continue the RDT&E effort but that beyond that, nothing else was 
planned. He also requested $50 million to study alternatives to 
the V-22 for the Marine Corps medium lift mission. 

In related testimony before the Senate Appropriation 
Committee, General Gray, the Marine Corps Commandant, denied the 
Marine Corps was lobbying on behalf of the V-22 and demanded to 
know "who the hell" in the Marine Corps was doing the lobbying. 
He demanded a list of names, calling it a matter "of integrity 
and honor [Ref. 33:p. 87]." Despite Gray's denial, congressional 
sources say that it is well known that the Marine Corps strongly 


support the V-22 and would like to see the program continue. 


mite FY 92 CONGRESSIONAL BUDGET 

Congress passed its Defense Appropriations and Authorization 
bill in late November 1991 and it is generally hailed a victory 
for the 'V=22; It provided $790 million (including $165 million 
of prior year procurement funds) to embark on Phase II full scale 
engineering and manufacturing development. Three pilow 
production aircraft were authorized to incorporate engineering 
changes identified during flight testing. Additionally, it 
directed the Navy to provide a Test and Evaluation Master Plan 
TEMP by 1 May 1992 and report results of current testing to 
Congress by 15 April 1992. Finally, the bill prohibited the 
Navy from investigating V-22 alternatives until the results of 


Phase II were available. 
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Ve V-22 VERSUS ALTERNATIVES 


. INTRODUCTION 

The economy of the United States continues to slip into the 
jrasp of a recession and the Great Bear of Russia is taking ona 
role more like a Teddy Bear. What should the Defense Department 
‘DOD) do? They are running out of excuses to "spend the Big 
gucks so they can have the best toys." One such area of 
sontroversy is the V-22 Osprey which touts some of the newest 
10st sophisticated technology available today. Paradoxically, it 
8s not the DOD trying to spend too much money, it is Congress 
-elling DOD to spend money on a program DOD wants to cancel. 

Who is correct? Does Congress see something in the Defense 
ylan that DOD doesn't or is it just another case of parochial 
nmterests coming to the surface? Has DOD carefully weighed all 
ispects of the Defense plan and made their cuts or did they find 
ymne big ticket item that would solve their budget crunch? This 
thapter will delve deeply into some of these questions. 

The V-22 was originally designed with the following missions 


™ mind: 


U.S. Marine Corps Operations 


Amphibious, ship-to-ship movement 
- Subsequent operations ashore 
- Long-range offensive operations 


U.S. Army Missions 
- Medical evacuation (MEDEVAC) 
- Army special operations 


- Corps airlift 
- Self-deployment 
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U.S. Navy Missions 


- Combat search and rescue (CSAR) 
- Anti-submarine warfare (ASW) 


U.S. Air Force Missions 
- Special Operations 
Other Agencies and Missions 


- U.S. Coast Guard search and rescue (SAR) 
- Drug enforcement 


Due to the budget constraints in recent years the interest 
of the Army and Navy has decreased, leaving the Marine Corps 
missions as the primary focus of the V-22 program. 

The three studies of interest which pertain to these 
missions are the "Institute for Defense Analysis Study of the 
V-22 Osprey" (Ref. 34:p. 71], "Effectiveness of Tilt=-rotom 
Aircraft in Support of Ground Combat" report [Ref: 35:p. 952s 
Lawrence Livermore National Laboratory (LLNL) and BDM 
International analysis of "V-22 combat effectiveness" (Ref. 28:pp 
Pao. 
oie LLNL STUDY 

This seve was performed under the auspices of the U.S. 
Department of Energy and was sponsored ‘by Bell-Boeing. IG 
considered only the operational capabilities of the V-22 and was 
limited to a comparison between the abilities of a combination of 
V-22/C-53E and of CH-60(S)/CH-53E. The focus of the’study was to 
determine what difference increased payload, speed, range and 
hardness make in supporting Marine Corps amphibious assault and 


reinforcement missions. The outcome of this study was quantified 


Sie, 


in terms of battle outcome and attrition to air defenses. The 
comparison was broken up into two subdivisions classified by the 
make-up of the aircraft fleets. The first subdivision was for an 
equal lift capacity. This consisted of 60 V-22 and 20 CH-53E and 
was compared to 36 CH-60(S) and 52 £=CH-53E. The second 
subdivision was for equal cost fleets. The CH-60(S)/CH-53E fleet 
remained the same while the number of V-22's was reduced by 12 
@mrcraft (48 V-22 and 20 CH-53E). 

The scenario for the study was a U.S. Marine Expeditionary 
Unit (MEU) in Lebanon as part of a UN peacekeeping force. A MEU 
is approximately one infantry battalion in strength, with normal 
reinforcements including a tank platoon. Political events in the 
Middle East have prompted Syria to deploy an armored column to 
seize the Beirut-Damascus Highway. The MEU is ordered to block 
the movement, but it is recognized that it does not have 
sufficient combat to power to do that unassisted. A USMC 
expeditionary brigade (MEB) is available for reinforcement, but 
must be vertically-lifted a amphibious ships if it is to reach 
the MEU in time. Two TRE SRCE? battalions could be lifted 
directly to the MEU's location, the third battalion and the 
heavier equipment would be landed in Beirut and would proceed 
Overland to the MEU. The lift aircraft must traverse indigenous 
area defenses in Lebanon controlled by unfriendly § forces. 
Close-air support is not available to either side. 

The two graphs detailed in Figure 1 depict the balance of 


all systems (right) and combat power (left) available to a 


oa 


ground commander (designated blue force for the purpose of this 
study) throughout the battle. 

The conclusions drawn from the study in the equal lift and 
equal cost scenarios are three-fold. First, as Figure 1 shows, 
the V-22/CH-53E equal lift fleet delivers two to three times more 
combat power during the battle than the alternate fleet. The 
equal cost fleet delivers less combat power than the equal lift 
fleet, but much more that the helicopter fleet. The V-22 fleet 
delivers the combat force reinforcements more than twice as fast 


as the alternates and thereby permits better utilization of the 


weapon systems. 
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Figure 1. Buildup of Marine ground forces. 


32 


Figure 2 depicts the correlation of forces and means (COFM), 
also known as the relative combat power ratio (red, blue), as a 
Manction of time. The LLNL study used Soviet weighting criteria 
to develop a simplified Soviet style COFM. Interestingly, Soviet 
doctrine specifies that if the COFM falls below 1.8 the 
probability of success would be jeopardized. As can be seen, the 
reduction of red force relative strength (below 1.8) only 
occurred in the V-22/CH-53E combination. Figure 2 shows the V-22 
is able to reinforce the Blue forces quickly enough that the Red 
force's (Blue force's opposition) forward momentum is dissipated 
and the balance of forces is changed from one favoring the Red 
forces to one favoring the Blue forces. This is never the case 


in the all-helicopter force because the combat power buildup is 


too slow. 
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Figure 2. Correlation of Forces and Means (COFM). 
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Third, as Figure 3 shows, the V-22 losses to ground-based 
air defense are at least ten times less than that of the two 
other aircraft examined in the study. This fact is attributedsies 
the intrinsic hardness of the V-22 and its greater speed. The 
V-22 fleet also experienced a smaller loss of CH-53E due to the 


fact that they were only needed for the heavy-lift missions. 
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Figure 3. Aircraft vulnerability to land-based air defense. 


C. IDA STUDY 

The Institute for Defense Analysis (IDA) study, "Assessment 
of Alternatives for the V-22 Assault Aircraft Program," addressed 
all the reasonable V-22 alternatives. This list included th@ 
CH-53E+, CH-46E+, CH-60(S), New Helicopter (Boeing Model 360), 
EH-101 (UK/ITALY), CH-47M, and Super Puma (France). The IDA 


study was a Cost and Operational Effectiveness Analysis (COEA). 
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fhe missions that the IDA study addressed are listed in Table II 


meer. 3/:p. 32}. 


TABLE II. MISSIONS EXAMINED BY IDA STUDY. 


Marine Corps Other Service or Agency 


- AMPHIBIOUS ASSAULT ~ COMBAT SEARCH AND RESCUE 
SercLUDING OVER-THE- (NAVY) 
HORIZON LANDINGS) 
LONG RANGE SPECIAL 
SUBSEQUENT OPERATIONS OPERATIONS 
ASHORE (INCLUDING RESUPPLY 
meerORWARD DEPLOYED DRUG INTERDICTION 
BORCES 
ANTISUBMARINE WARFARE 
DEPLOYMENT MISSIONS (NAVY) 


HOSTAGE RESCUE OR RAID 





Cost Comparisons. 

The first item to be considered is the cost comparison 
retween the V-22 and its alternatives. It is clearly seen in 
"igure 4 that the V-22 is significantly more expensive both in 
‘ecurring flyaway costs (which includes recurring management, 
ardware, software and configuration change costs) and average 
irocurement cost (which includes recurring flyaway costs plus 


reapon system costs and initial spares). 
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Figure 4. Unit Procurement Costs. 

The V-22 average procurement cost is about $35 million with 
the next most expensive aircraft (CH-53E) averaging $25 million. 
The large V-22 cost can be traced to the additional expense 
incurred in the flyaway cost component of the program cost; in 
particular, the digital avionics and fly-~by-wire flight control 
system. The V-22's fully integrated cockpit is one of the most 
advanced of any military aircraft. The extensive use of 
MULetCunceronal Chui color) displays (as alternatives to 
analogue dials and gauges) and digital flight management systems 
contribute significantly to flight safety, mission capability and 
Survivability. However, the additional cost is not small. 

2. Sustained Operations. 

The next mission that was examined was the sustained 
operations mission. Figure 5 shows the comparative results. In 
this scenario the aircraft would be used to support combat 


operations ashore. The measure of effectiveness in this scenario 
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as the number of equivalent payloads that could be delivered per 
ay over a 30-day period. The black column represents a scenario 
ith flat terrain, a fast threat response and half single 
ling/half double sling for heavy loads. The white column 


epresents rolling terrain, slow response and all double sling 


oads. Again the V-22 proves to be a more capable platform. 
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‘igure 5. Sustained Operations. 
; Other Mission Scenarios. 

The remaining Marine Corps missions that were considered in 
he report supported the same conclusions as the preceding 
cenarios. The Hostage rescue scenario showed that the V-22 
Ould operate from a substantiality greater distance (greater 
tandoff distance) and had a 5-to 12-hour advantage in the amount 


£ time it would take to reach the hostage site from the same 


on 


starting position. In the deployment mission the V-22 was able 
to self deploy (start, take off. and land without auxiliary 
machinery) therefore reaching the theater of operation sooner, 
intact and ready to deploy troops. In operations involving 
extended range, conventional helicopters often require refueling 
at the deployment point. The V-22's characteristics allows 
planners extended range/endurance flexibility. Additionally, the 
V-22 does not require an external auxiliary power unit, or 
additional equipment/personnel to fold the rotors. 

Summarizing the results for Other Service or Agency mission 
capabilities, the V-22 was found to be more cost-effective than 
helicopter alternatives for special operations, search and 
rescue, and drug interdiction missions. 

4. In Conclusion. 

Throughout the IDA study, the V-22 is shown to be the most 
capable alternative to the present assets. It should be noted 
that all of the proposed helicopter alternatives also provided 
increased capability over present fleet assets. The major draw 
back to the V-22 at this time is that its higher procurement 


costs lead to the largest near-term costs. 


D. BDM INTERNATIONAL STUDY 

Using 1990's data, BDM International conducted a combat 
effectiveness analysis based on government approved data and used 
a vertical assault scenario representative of a mid—intensity, 
conflict in which three Marine battalions were landed ashore. 


The measures of effectiveness (MOE) were: 
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a. Aircraft availability for subsequent operations 
1D, Productivity, combat power build up ashore over time 
S Survivability, losses of aircraft, Marines, and helo 


deployable equipment to enemy ground based air defenses 
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igure 8. Aircraft Losses. 
The BDM study compared a fleet of V-22's/CH-53E's to an all 


@licopter fleet of 4H-60's/CH-53E's. The fleet size was 
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determined by the number of deck spots available on the 
amphibious ships supporting the simulated operation. As Figured 
6, 7 and 8 illustrate, the V-22 was found to be superior #@omGae 
all helicopter fleet in each of the MOE examined [Ref. 28:pp. 
14-19]. Specifically: 
a. Figure 6 illustrates that only the V-22/CH-53E fleet 
had sufficient aircraft available after the initial assault 
to support subsequent operations. 
b. Figure 7 illustrates that the V-22/CH-53E fleet | 
delivered twice the number of troops, combat power and | 
tonnage in the critical initial 60-90 minutes of the 
assault. 
ce Figure 8 illustrates the survivability of the : 
V-22/CH-53E fleet, compared to the all helicopter fleet, it 
was superior by a factor of 3:1, and by 7:1 when carrying 


troops. 


ee SUMMARY OF LLNL, IDA AND BDM STUDIES 

In summary, these three studies show that the V-22's speed, 
range and survivability advantages would enable even a reduced 
fleet to be more effective than all the proposed helicopter 
alternatives in each of the four Marine missions examined. Also, 
the V-22 delivers more combat power to the battle area faster 
than the helicopter fleet and, has a significantly smaller 


attrition rate in battle. 


40 


Pe V-22 PECULIAR SUPPORT EQUIPMENT COMPARISON 


As part of the V-22 Full Scale Development (FSD) program, 
validation of the reliability characteristics of key aircraft 
somponents began in October 1986. The V-22's logistic support 
resource requirements were also being validated during the FSD 
osrogram. The V-22 is designed to be compatible with a wide range 
sf current government support equipment (CSE). Further, it is 
lesigned to require substantially fewer pieces of peculiar 
(unique) support equipment GASE) than current operational 
>quipment. This was done to reduce maintenance requirements as 
yell as enhance tactical mobility and reduce demands on airlift 
and sealift assets. As Table III shows, the V-22 would enter 
fleet operations with significantly fewer items of required 
eeculiar equipment. Bell-Boeing is using the flight test program 


co validate requirements for both CSE and PSE to support the V-22 


“ABLE III. V-22 PECULIAR SUPPORT EQUIPMENT (PSE) COMPARISON. 


ORGANIZATIONAL INTERMEDIATE 
AIRCRAFT™* MAINTENANCE MAINTENANCE 
AV-88 Harrier I! 546 847 
CH53E Super Stallion 550 700 
SH-60B Seahawk 150 200 
MV-22A Osprey 91°" 5 162 °*°* 


* Fleet aircraft data from NAVAIR records 
** Actual count, less 16 inventory items (covers, tiedowns, downlock pins, etc.) 
*** Estimated final count - analysis approximately 90% complete. 


At 


G. SPECIFIC INCIDENTS WHICH NEEDEDe tie = 

Following are several incidents in which the V-22 would have 
been a significant advantage. The brief incident descriptions 
were created from various news articles, documentaries, 
discussions and readings such as House Armed Services Committee 
hearings in 1989/90 and transcripts of testimony to the GAO 


Committee on Naval Aviation (April 1991). 


ae Personnel Rescue 

In 1980, Operation Eagle Claw, the attempted rescue of the 
American hostages in the Tehran Embassy failed. The entire raid 
could have been accomplished with a special operations force in 
tilt-rotors alone instead of four kinds of aircraft and a split 
second timetable of coordination of all four services. The raid 


would have been done in eight hours instead of the planned 35, 


with a far higher probability of success. 
In 1983, a Navy pilot was shot down over Syria. Instead of 
being recovered in 20 minutes with a strike rescue V-22, he 


became an international incident, a lingering politicas 


embarrassment to the government. 

On 25 October 1983, Operation Urgent Fury sent an assault 
force into Grenada. Operational specialists say that had we used 
a force of V-22 aircraft, staged from nearby islands, the 
operation might have been completed in two days instead of three, 
with more surprise, greater precision and perhaps less loss of 
life. More importantly the students could have been rescued 


almost immediately after the arrival of U.S. forces. Rescue 
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SS ee 


troops could have been delivered directly to the campus using the 
VTOL-capable V-22. 

f 

In 1987, the Air Force/Navy raid on Libya was a great 





‘success, but a plane was lost. The U.S. military had no way to 


lrescue the crew or even to quickly assess if they were alive. A 


iF 


ld 


V-22 rescue aircraft would have been on the scene and the 
; 
incident would have passed [{Ref. 6:p. 14]. 


2. Operation Desert Storm. 
Rather than examine all aspects of Desert Storm in which a 


1-22 could have operated (more effectively and efficiently than 
| 


“conventional helicopters), two phases of an amphibious operation, 
assault and subsequent ashore operations will be  pbpriefly 
jiscussed. A detailed analysis provided by Lieutenant General 
feith Smith USMC (Ret) of the V-22's potential in Desert 
Shield/Storm is included at Appendix D. 

During the assault phase it is generally preferable to stay 
23 far as possible from landing areas defended by the enemy and 
70 )6€6cconduct6hG6Oassaults) from over the horizon. This gives’ the 
advantage of keeping support ships out of harms way for ad long 
is possible as well as providing an opportunity for tactical 
leception. Because of the limited range of the current shipborne 
nedium lift capability, extensive and continued over the horizon 
assault launch capability was not available to Desert Storm 
»lanners. However, the V-22 could have provided this. Despite 
this, the threat of an amphibious assault so preoccupied Iraqi 


Olanners, that they positioned troops and equipment for a primary 
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coalition attack from sea, and thereby gravely miscalculated 
their vulnerability from the northern, rear and western flanks. 
During the subsequent operations ashore phase, pivotal to 
Success is the ability of an attacking unit to strike at a 
decisive point, at the right time, and with the correct 
forces/fire power mix to defeat the enemy. To accomplish this 
task amphibious assault aircraft must have speed, range and 
payload capacity to respond rapidly ‘to an ever-changing battle 
field situation. Helicopter operations in Desert Storm were 
dictated as much by logistics as by tactics. The limited range 
of the current U.S. military helicopter force required the 
establishment of a succession of Penwaee Army and Refuelling 
Ports from which close support for assault forces could progress. 
Figure 9 graphically illustrates the advantage a V-22 has 
over conventional aircraft. The flight envelope area surpasses 


that of a helicopter and most of that of a turboprop aircraft. 
40 
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Figure 9. V-22 vs Helicopter/Turboprop Flight Envelopes. 
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Because range depends on factors such as airspeed, fuel 
sapacity, load, hover requirements and take off/landing 
sonfigurations, specific comparisons between helo, turboprop and 
ciltrotor would yield extensive data. Figure 10 provides a 
comparison of the three aircraft categories, showing specific 
range (nautical miles per hour of fuel) in relation to airspeed. 


Additional V-22 range data and mission endurance for the various 


/-22 configurations is provided at Appendix B. 
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lgure 10. Specific Range (NM/LB Fuel) to True Airspeed. 

As the coalition forces clearly demonstrated during Desert 
storm, a force that can operate effectively at night and during 
adverse weather conditions has a distinct advantage over those 
sho are limited in mobility and daylight fighting capability. 
ilthough the current helicopter fleet operated adequately in 
South-West Asia, Gunner ns ic helicopter limitations not 


yithstanding) the presence of a V-22 component augmenting the 
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conventional helicopter fleet would have provided battle planners 


with a force multiplier factor of enormous benefit both at night 


and during adverse weather. 


ey Conclusions. 

All of these scenarios; MEU in Lebanon, Operation Eagle Claw 
and Desert Storm, could happen again and, in terms of specific 
equipment, the U.S. military is no better prepared today than 
they were then. 

What value should be placed on the V-22's capabilities in 
such scenarios? It is reasonable to conclude that the V-22 is 
equally cost effective in the long-term and its performance 
capabilities will offset its higher per unit cost. It would seem 
therefore to be a strategic error to scrap the V-22 program in an 


attempt to solve the budget deficit. 
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VI. CIVILIAN AND FOREIGN MILITARY SALES POTENTIAL 
A. INTRODUCTION 


a 


Recognizing the vagaries of the Department of Defense 
¥ - 

Beau eition process and susceptibility to change for even the 
} most certain procurement agreements, Bell-Boeing has developed a 
| 


. 
|.strategy which is designed to protect and continue’ the 


' 
, development of the tilt-rotor concept in the event of the loss of 
| 
congressional support. Essentially. Bell-Boeing is marketing a 
@civil variant of the military V-22. In addition, there has also 


been considerable effort made to secure overseas orders for the 
. military version. 
Because of it military and civilian applications the V-22 
1 has considerable export potential and provides the means for 
shoring up the deteriorating American aviation industrial base. 
‘The European share of the global jet transport aircraft market 
'has grown from approximately two percent in the early seventies 
to nearly twenty percent by 1990 with signs of continued growth 
meet. S8:p. 13). 
B. PO@RETGN INTERESTS 
Typical of the burgeoning European Aerospace industries’ 
growing domination is the foreign rotorcraft manufacturers’ share 
Of the world market which has grown steadily from a few percent 
in mie go0's to more than fifty percent today. The efforts of 
the Bell-Boeing V-22 project made the United States a world 


leader in tilt-rotor (and composite material) technology. 


eer America is to maintain and strengthen our 
competitive position, we must continue to not only 
create new technologies, but to more effectively 
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translate those technologies into commercial products 
(Refi339:p. 20 


However, it is considered in many circles, both industrial and 


governmental that, if the military abandons the V-22, both 
European and Japanese competitors will capitalize on its proven 


potential. 


Three European aerospace companies, Aeritalia (Italy), 


British Aerospace (England), and Dornier Gmbh (West Germany) have — 
formed a consortium to assess potential military markets for the 


tilt-rotor concept in Europe and throughout NATO. Japanese firms — 


Pieluding. #¢: Itoh and Mitsue are currently assessing the 


potential military market for tilt-rotor aircraft in Japan. 
Another consortium, Eurofar, including French-based Aerospatial, 7 
Gruppo Agusta in Italy, Messerschmitt-Bolkow-Blohm Gmbh in West 


Germany, Westland Helicopters Ltd in England and Construcciones | 


Aeronauticas SA in Spain, has organized to field a civilian 


aircraft incorporating tilt-rotor technology [Ret. 405s 

Mr Jim McDaniel, Deputy Director of the Federal 
Aviation Administration's Civil Tilt-rotor Program “Off ieee 
accurately reflects much of the current thinking regardume this 


subject in his statement [Ref. 4l:p 9]: 


"Tam convinced that the tilt-rotor is coming 


without question. Whether it will be an 
American-made tilt=roter. there is some 
question...If we build it, we become the only 


supplier of this thing five years’ ahead (o£ 
Europeans and Japanese), and we become an exporter 
of this technology instead of an importer eae 
technology. It's going to help with our balance of 
payments. It's going to help with our industria 
base...What we don't want to happen is for this 
technology to go the same way as the videocassette 
recorder technology, which was an American 
invention. We're buying them all from Japan now, 
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and it would be a shame if that happened to the 
wrrecerotor. 


a. CIVILIAN OPPORTUNITIES AND BENEFITS 

Concurrent with military development, extensive technical 
and market studies sponsored by Bell-Boeing, NASA, FAA, and DOD 
have been carried out in order to determine how best to adapt 


tilt-rotor technology to the highly lucrative civilian sector of 


world aviation operations. 
| In June 1987, the final report of a NASA/FAA/DOD Civil 
eee Study stated its support for a number of national 


| transportation goals and objectives, stating that the tilt-rotor 
A : ° 
will, "Expand development of a nation's transportation 


| infrastructure, and reduce airspace/ground congestion problems." 
This, along with other findings, supported a 1987 study from the 
Me natical Policy Review Committee of the President's office of 
“Science and Technology Policy which specifically highlighted 


tilt-rotor technology as playing a major role in an integrated 


“national air transportation system and recommended: 


| "...Civil derivatives oof military tilt-rotors, 

operating in the vertical or short takeoff modes, 

are foreseen with the economy, productivity, and 

maintainability of fixed wing passenger aircraft. 

Advanced craft of this kind can provide improved 

inter-city and inter-regional transportation, 

reducing congestion in U.S. airports without major 
investments in new runways..." 


The report also noted that while airport congestion problems 
are severe in the United States, they are worse abroad. European 
and Japanese authorities have not only expressed great interest 


in the timely availability of technology to relieve a heavily 
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burdened transportation system, they also are investing in their 
own tilt-rotor/tilt-wing technology development. 

The following is a summary of the two principal findings .of] 
his study [Ref 37 -o.e42 |]: 


{ 
1. Large export market: The market opportunity portion of this 


$28 billion in exports in its first 10 years of availability, 





assuming timely development of the commercial tilt-rotor (CTR) 
apy 
aircraft and an appropriate air and ground infrastructure. 3 


22 National economic development: Manufacture of the CTR 


effect on national employment. Besides the direct CTR and. 
vertiport development jobs, employment diversification results as) 
manufacturing and service industries develop around the new hubs? 
of transportation (vertiports). Quantifying national economic 
development was not the principal focus of this study, but it can 
be noted that industry would have to invest at least $2 billion 
more to produce the United States' first commercial tilt-rotors. 
Additionally, an initial network of 25 vertiports would require 
private or local investment of $1 billion to §2 4xbillion. 
Relatively speaking, vertiports are economical to build and 
conserving of land, as little as $40 million and 5 acres. 
system of vertiports would serve to distribute the demonstrated ~ 
favorable economic impact of urban airports throughout the 
community. Considering multiplier effects, a study done for the 


Department of Commerce concluded the increased national economic 
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activity would be approximately $80 billion for every 1,000 


commercial tilt-rotors produced. 

A Bell-Boeing study titled "Civil Tiltrotor Missions and 
mpplications" (February 1991) suggests that the commercial 
tilt-rotor could enjoy a substantial short-haul and commuter 
market. Much of this traffic could be diverted to tilt-rotors, 
which do not require runways. Freed-up runway slots can be made 
available for more efficient longer flights by larger jets. The 
juseful life of crowded airports could therefore be extended. 
‘Expense and land use could be minimized by locating vertiports 
over freeways, railroad yards, piers, etc. Small urban airports 
might be suitable in lieu of vertiports in some locations. 
Mo cngive construction of new runways and new airports ~- 


environmentally difficult in most urban areas - could 0be 


postponed or eliminated. 

_D. TECHNOLOGY ISSUES 

The combined postwar investment of the U.S. war oenace 
Mndustry and the U.S. Government in tilt-rotor research and 
‘development exceeds $2.5 billion [Ref. 42:p. 6]. From this 
j foundation, tilt-rotor technology is ready to move to the. next 
logical phase, which includes two separate but complementary 
activities: 

Wipe initiation of production of a military version to meet 
the government's needs. 

(2) An iterative program to demonstrate tilt-rotor 


technology to the commercial marketplace. 


There are striking differences between commercial and 
military tilt-rotor aircrafts stemming from the V-22  milileaue 
mission requirements. Meeting military requirements 
significantly increases fuel consumption, adds structural weight, 
and adds complexity. Requirements such as MILSPEC damage 
tolerance features, infrared sensors, combat related avionics, 
rear loading ramps, folding rotors and other mission specific 
equipment all increase the cost to build. A commercial V-22 
variant would be lighter, less complex and more efficient. 
Additionally, there is no doubt that ultimate efforts toward 
development of a commercial version will lead to design 
improvements that can improve the quality and performance of 
military tilt-rotors. Likewise, military production aircraft may 
contribute to "proving" the tilt-rotor concept by demonstrated 
success. Taken together, the safety, reliability, and cost ~ 
effectiveness of tilt-rotors could be verified. 

Commercial airlines have underscored the importance of | 
demonstrating and validating the commercial viability of the} 


tilt-rotor. They have expressed reluctance to commit to a 





comparatively revolutionary vehicle such as the tilt-rotor untili@y 


the technical, cost, and operational system risk issues have been i 


satisfactorily resolved [Ref. 43:p. 19]. 


Continued evaluation of the potential civil applications of ™ 







the tilt-rotor and continued development of tilt-rotor systems 
and infrastructures is therefore required. This continued © 


effort, coupled with the experience gained with pre-production 


D2 


, platforms Such as) the XV-15 and production V-22 aircraft, can 


help establish the requisite levels of confidence in the 


_commercial marketplace and a basis for a decision leading to 


e 


eee 


e—-< 


ef 


meeauction of the civilian tilt-rotor. 


‘Beyond congestion relief, civilian tilt-rotors could be 


available for service in these areas: 


-Improved air travel and access to rural and isolated areas. 
-~Disaster Relief. 

-Public service (police, fire, and emergency medical 
services.) 

-Coast Guard, border patrol, and drug interdiction. 


The technology to produce a successful commercial tilt-rotor 


is clearly emerging. But focusing solely on the technology and 


the aircraft, although they are important, is not sufficient. As 


the world's civilian airspace system now exists, the tilt-rotor's 


sotential to reduce ground and air congestion cannot be realized 


[Ref. 44:p. 31]. 


a. SeeOF AIR SPACE ISSUES 


Commercial fixed-wing aircraft need runways several thousand 
‘eet long, are limited to shallow approach paths, and operate 
trom large, centralized airports; the entire airspace system has 


svolved around and is structured to those needs. Lacking an 


, lirspace infrastructure tailored to exploit its unique 


Mumeicy, the tilt-rotor is “just another helicopter" operating 


, Ma fixed-wing world. 


, 
q at | 
a* 
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Without a paradigm shift, decades could pass before the 





system would evolve to allow CTR's potential to be tapped. In 


the interim, national resources will be wasted - in a holding } 








stack over Chicago, waiting for a slot out of La Guardia, or} 





stuck in traffic on an access road to Washington's National 





AVE perec, 





The question to be faced is: whose problem is air and ground ) 
congestion? Air carriers claim that it is not theirs. The FAA i. 
charter is directed first to safety and second to capacity. wi 
Airport operators’ interests are local, not national, in scope. fit 
Manufacturers build only those aircraft that airlines will buy. na 
f CIVIL CONFIGURATIONS AND USES phe 

In July 1987 Bell-Boeing commissioned a study into civill 
tilt-rotor missions and applications [Ref. 43:p. 8]. Appendix Ci 
shows civil tilt-rotor configurations developed for the study. 
One configuration, the CTR-800 is based on the original XV-15%! 
tilt rotor size; two configurations, the CTR-22A/B and CTR-22C, # 
are derivations of the V-22 military tilt-rotor; and two 
configurations, the CTR-1900 and CTR-7500, are all new (but#l 
technically feasible) civil tilt-rotors. In addition "te . 
airlines there are also world wide markets in the following)! 
areas; w 
ime Drug Enforcement. For drug enforcement work, speed, range, 
and endurance are critical, as is the ability to take off and: 
land vertically (on unprepared surfaces). This mission wouldy 
involve interception and pursuit on the ground as well as in theme 
air, ‘in all weather, day and night, and invariably little warn ine 


r 4 
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Nof launch time. The CTR-22A/B variant would be ideal for this 


Yrole as it has necessary range, speed, size, and its rear ramp 


personnel. Additionally, the CTR-22A/B (being of military 
descent) would have good ballistic tolerance against certain 
weapon catagories. 
2. Police. Additional to mission criteria required for drug 
wenforcement, police applications would be in the area of prisoner 
eo transfer, high PHelonity personnel transfer, airborne 
patrols/surveillance, search and rescue, and SWAT operations. 
The CTR/800 variant would be most applicable to these missions. 
iS. Coast Guard. Between 1978 and 1983, the U.S. Coast Guard 
‘launched more that 145,000 aircraft rescue mission, mostly to 
yaeocations within the 150 nautical-mile range of their HH-65 
\jaelicopter. The tilt-rotors range and speed make it an ideal 
(merternative to the HH-65 in the search and rescue mission. The 
wav-22 has significantly more airborne endurance time and its 
all-weather capability and ability to hover without severe 
))3lownwash effects considerably improve chances of rescue success. 
gas 91% of all short range recovery missions involve fewer that 10 
Mople, the CTR-800 would be applicable to this mission. 
ve be Medical Evacuation. Because of conventional helicopter 
y@eonstraints in the area of range and speed the tilt-rotor would 


yperovide vastly improved evacuation capability and reduced transit 


-.. ae : z ; 
etme . Additionally, pressurization and good ride quality would 


q?nhance the ability of medical attendants to administer treatment 


is well as provide a stable environment for the patient. With a 
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range in excess of 600 nautical miles at the lighter mission | 


weight of a medical transport role, the service area of a base 
hospital can be dramatically increased (and with it, increased 
revenues). For the medical mission the pressurized CTR-800 


would be appropriate. 


hy 





| By 
ai) 
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ie Fire. Fire Departments use of VTOL aircraft for commander 


control, personnel transfer, search and rescue missions is well 


established. In most cases a small tilt-rotor with its speed and 


range would ideally substitute for helicopters. For fire rescue. 


missions and smoke jumping operations the larger CTR-22 series 


tilt-rotor would be ideal. 


6. Public S@rvice. In addition to the previous categories the 7 


tilt-rotor would satisfy innumerable public service requirements 
such as disaster relief. 
G. TECHNOLOGY SELN-OERES 

Much of the technologies used in V-22 production are also 
being developed by the aviation industry at large. These 


technologies include advanced cockpit displays, fly by wire and 














advanced multiplex data base systems (avionics). There is also 


the area of composite fiber construction in which the V-22 is a | 


trailblazer. Bell-Boeing have found that composite construction 











provides strength, stiffness and corrosion resistance at nearly 


25% less weight fnew conventional metal alternatives. 


Interestingly, from a military and police point of view, research 


has shown that composite materials have better ballistic 


tolerance and crack resistance than metals. Other areas which 
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“sould provide technological spin-offs for both military and civil 
Ky. 

aviation are [Ref. 45:p. 44]: 

' Thrust power management systems 


' Engine and Transmission health monitoring systems 


' Thermoplastics 
' Carbon brakes 
« Alloys 
' Laser inertial system 


' Avionics software 
Mm Fibre optic use in aircraft 


AA AUSTRALIAN MILITARY APPLICATIONS 


ts In addition to the previous mentioned civil applications, 
ill of which apply to the Australian environment, the huge 
indeveloped land mass that constitutes Australia's northwest 
@eecates that a rapid reaction capability to any developing 
‘threat be included in the defense force structure. The current 
‘apid reaction of the Australian Defense Force (ADF) is centered 
und the Army's fleet of UH-60 Black Hawk helicopters. The 


‘JH-60's limited range, endurance, lift capability and personnel 
a constitute severe limitations on rapid reaction 
“olanning. With major Army bases being located on the east coast 
. the ADF needs VTOL aircraft with necessary range to reposition 
“ombat into the remote northwest. iacme-22s could do. this. 


‘igure 10 shows the rapid self deployment range of an east coast 
vased V-22 fleet. A typical rapid deployment scenario would 


“nvolve 24 combat troops plus their equipment boarding each V-22 


oy 


in Brisbane, utilizing in-flight refueling or utilizing exe 
fuel facilities at Alice Springs (Central Australia). The rapid 


deployment force would be positioned anywhere on the north-west 


coastline within 7 hours of departure. 


MISSION PROFILE 
* Vertical/Short takeoff Brisbane 


* T:ansit Brisbane - Alice 
Springs: 4 hours 







* Vertical/Short and 
at Alice Springs 


Kimberly 
Plateau 


* Vertical Shor takeoff 


Alice Springs Alice Springs ° 


* Alice Springs - Kimberly 
Pisteau: 2.5 hours 


* Deploy troops/equipment 
and either remain in area 


Se 
or retum to Brisbane Oo Migg goo VV 


Figure 11. V-22 Rapid Self Deployment. 


Another possible military application for the V-22 13a 


area of land-based anti-submarine warfare (ASW). For the 
northern coastlines, particularly the sparsely populated and 
mineral rich northeast and northwest, ASW presents unique 
problems to the Australian defense planners. Australia does not 
have an aircraft carrier, and long range fix wing ASW aircraft, 
such as the Royal Australian Airforce’s PC3 Orions, are Dimiteas 
by the absence of active sonar and dipping capabilities. The V-22 
ASW variant could provide those capabilities. This aircrafts 


operating from established (or improvised) land bases, would 
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4 significantly augment naval shipborne ASW facilities and, in its 
capacity as a force multiplier, provide significantly increased 
L 


flexibility to battle planners. Figure 12 provides an indication 


of V-22 land-based ASW coverage and time on station from the 


cities of Broome in the west and Cairns in the east. 





pep ter eeneenneeseresl 
oO mites e900 VJ 


“Figure 12. V-22 Land-Based ASW Operations. 
i¢ 
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In addition to the rapid deployment and ASW capabilities of 

the V-22, many (if not all) the mission capabilities required of 

j mae V-22 by the U.S. military (details of nich are included in 
Whe pter V) would be utilized by the Australian Defence Force and 
Bee her militaries throughout the world, thus providing significant 


foreign military sales potential. 


oo 


VII. SUMMARY AND CONCLUSIONS 


Ae SUMMERY 
This thesis has provided a comprehensive overview of the 
V-22 program. The origins of the program were discussed and the 


Iranian Hostage mission was cited as graphic evidence of the need 


for a aircraft featuring the V-22's unique characteriserecs 


Program management is always pivotal to the success of a new) 


system and Chapter III of the thesis discussed the history of the 


V-22 program management and, using Milestones terminology, traced 


the program's progress as well as Congressional, OSD and the U.S. 


Military Services' involvement. 


A more detailed analysis of the influences of various key ¥ 


players in the development process; i.e. Congress, OSD and the 


USN/USMC was given in Chapter IV. This chapter showed how the 


V-22 program grew out of a Marine Corp request to replace its 






































at 


medium lift capability and, despite strong support from personnel | 


| 


such as John Lehman (Secretary of the Navy) and General Gray 





a 


(USMC Commandant), the program was destined to a life of 


continual scrutiny cancellation and uncertainty. Various program# 


cancellation decisions were discussed as was Congressional action 


during the period 1980.8 thru Joc Throughout the program's 


history Congressional support for the tilt-rotor has been second |! 


enly to Bell] -Beeing se 


Alternatives to the V-22 were discussed in Chapter V. The 


i 
. 


i 





\ 


cost question was discussed and the question asked "Is it worth | 


tie trouble -andwecesiec. Although innumerable studies have been 


i 
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nade on the tilt-rotor concept and, more particularly the V-22, 
two studies were cited in this chapter. The first, provided 
sanalyses of comparative performance of a combined V-22/CH-53E 
force and a CH-60(s)/CH-53E force. The second study addressed 
wall reasonable V-22 alternatives. Both of these studies 
; identified that the V-22's characteristics of speed, range, and 
59 SUrVivability would enable a V-22 fleet to be more effective than 
all proposed helicopter (VTOL) alternatives. 
J In a politico-financial climate which calls for military 
¢ »perational drawdown and decreased budgetary allocation, a system 
vith purely military applications necessarily subjects itself to 
» che limitations such a climate imposes. Thus Chapter VI analyzed 
ene civil potential of the tilt-rotor concept and its use by 
,poreign military services. The fact that considerable worldwide 
-amcerest in the tilt-rotor concept exists was also discussed. 
meen air traffic congestion (and its consequent pollution, both 
, 1oise and environmental) becoming an increasingly high priority 
~oroblem, innovative solutions must be found. iicwmc. | t—notor 
. oncept may well provide the answer as well as provide some 
. thoring up of the eroding U.S. aviation industrial base. 
\ Japan's primary interest in the tilt-rotor would be to ease 
jeivil air traffic congestion. In contrast, the Australian market 
would be much more diverse and offers considerable potential for 
y oth initial sales of the V-22 in its current configuration as 
ell as ongoing sales as the aircraft develops. As proven with 


, he McDonnell Douglas F/A-18, Australia is capable of high quality 
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component manufacture which could also take place in the V-22's 


Case. | HO 





The Australian military currently relies on a small fleet of® 
4 CH-47D Chinook helicopters to fulfill the VTOL medium lift@e 


mission. This fleet is aging and is unable to satisfy the vast#! 





number of medium lift and rapid deployment requirements of even a 





low level conflict. Kangaroo '‘'89, Australia's largest ever 





peacetime exercise to that date, highlighted the severe 





difficulties arising from limited medium lift capability [Ref.} 





46:p. 22]. With the land phase of the exercise being carried out] 
in northwest Australia it quickly became apparent that the lack! 
of airfields, road and rail networks (the few that existed would! 


‘ 


be susceptible to flooding) made fuel and ammunition resupply a 





critically limiting factor in battle planning - the V-22 would@ 





have been ideally suited to the task of logistic support. 
The SAR and ASW capabilities of the V-22 would be of: 
enormous benefit to the Royal Australian Navy. By utilizing ies 


advantage in speed and range its force multiplier potential® 





becomes apparent. Military V-22's would also be able toh 





effectively augment civil authorities in missions such asj; 





disaster relief, drug enforcement, policing and fishery. patrol. 








Be CONCLUSIONS 
| 
The preceding historical perspective illustrates the many) 
| 


complexities outside the control of the program manager. In the’: 





case of the V-22 the program manager has had very little effect™ 





on the direction of the program. He has had to respond primarily@: 


to outside events; specifically, the decision by Secretary Cheney! 
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mo Cancel the program and the subsequent decisions by Congress to 
keep the program alive. 
It is clear that the Defense acquisition process has been 


Wemyending but efficient for the V-22. It appears that Secretary 


cost savings has been foiled. Even if the V-22 is ultimately 
“cancelled, over $3 billion dollars will still have been spent on 
fithe program. Alternately, if the V-22 continues to production 


ugehe result will be a significantly reduced aircraft buy (231 


_ vice the original 657) and at a considerable growth in 





jgunit cost. 
| The prospect of greatly constrained future defense budgets 


make it apparent that the United State government agencies cannot 
‘continue to waste billions of dollars arguing over a program's 
mviability. 
ty There is undoubtedly civil potential and this area needs to 
abe actively pursued. Despite the need for defense dollars to 
initiate production, with successful marketing and proven ability 
asco fulfill civil missions private sector funding would be 
{\Etorthcoming. There is also the consideration that if the 
MelGerecor concept is not fully developed in the U.S., in all 
wlikelihood Japan, Korea or Taiwan would produce the aircraft and 
f@enus reap the benefits of market share. To illustrate 
established thinking and the Asian demand (and, by inference, 
\yEurope) the 1992 Asian Vertiflite Seminar announced the need for 


wpa helicopter expressway in the air as a solution to Japan's 
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chronic land-based traffic congestiane The plan calls £68 )3Gmm 
division of Japan into 600 sectors and the building of a heliport™ 
in each sector thus establishing an airborne expressway which 


could be used by the V-22. In addition, a Japanese industrialist 


is quoted as saying, "If you produce the aircraft, we will buy» 
it. If you do not, I guarantee we will build it [Ref. 47:p.} 
20 i” 


Given the shrinking defense dollars available in the 90's) 
and the desire to maintain a viable state-of-the-art defense 
industrial base, programs must be designed which can take 


advantage of potential Foreign Military Sales and more 





importantly, commercial applications. This means that while the 
V-22 program may not be entirely cost effective on military 
grounds’ alone, the technology generated for the national 
industrial base may be incentive enough to continue with the 
program. The Defense Department, however, should not be made to 
shoulder the entire financial burden of these development 
programs. Congress should provide joint funding for "National. 
Technologies" programs such as the V-22 as a means of maintaining 
the United States leading technological position among develope 
countries. | 
In conclus von fore a variety Of technological, 
economic, and political reasons, the 1990's will be an era of 
considerable change in the planning for and execution of naval 
warfare. Older, well proven maritime strategies, tactics, andl 
weaponry will inevitably feel this impact and mounting challenges 


to tactical air power from modern air defenses can be 
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Wenticipated. 


, technology, 


wapotential. 





In order to confront and solve these problems, new 


of which the 


Clie arotor 


65 


is 


One, 


offers 


excellent 


APPENDIX A 


V=22 FT Romes 


= The V-22 is the first aircraft to be developed from the 
ground up to serve the needs of all four U.S. armed services. 


- The V-22 is the first U.S. aircraft to be completely designed 
by computer, rather than by engineering drawings produced by] 
hand. 


The V-22 is the first full-scale tilt-rotor development 
program ever undertaken by an nation. 


- The V-22 is the first production aircraft whose airframe will ¥ 
be fabricated almost entirely of composite materials, chiefly 
graphite-epoxy solid-laminate structure. Only about 1,000 pounds 
of metal will be used: mostly fasteners and copper mesh 
laminated Inte the outer surfaces to provide lightning# 
Proeecelon. 


= The V-22 is the first U.S. major weapon systems procurement 
program negotiated under new U.S. Navy acquisition policies that’ 
require the contractors to finance and own the majority of the 
tooling, a reguirement that provides substantial savings to the 
taxpayers. | 





= The V-22 is the first aircraft whose wing can be rotated i 
parallel to the fuselage in order to create a compact rectangle | 
necessary for operation and storage aboard ships. | 


- The V-22 is the first fixed-wing aircraft to use. 


cross-connected propulsion systems that enables it to maintain 
balanced thrust with only one engine operating. 
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APPENDIX B 


AIRCRAFT CHARACTERISTICS! 





ah 


"STANDARD AIRCRAFT CHARACTERISTICS 


MV-22 “OSPREY" 
BELL-BOEING 
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NAVAIR document OO0O-110AV-22-1 dated June 1986 
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his article examines the potential 
deployment and employment ad- 
vantages that a Desert Shield/ 
‘orce equipped with the MV-22 
could have provided compared to 
ial medium lift helicopter force 
was deployed. The analysis 
y concerns substitution of CH- 
d CH-53Ds in I Marine Expedi- 
=orce (IMEF) with a force of MV- 
ch would have provided a com- 
capability. It is also noted that 
advantages would accrue to the 
my if some UH-60s were sub- 
with the MV-22. 
scess of the five-month Operation 
ihield deployment and 100-hour 
storm campaign will result in 
-and assessment of all aspects of 
years to come. Force structure 
on systems effectiveness will be 
id in great detail for lessons 
{While such studies will be invalu- 
prove existing force composi- 
eranon Desert Storm will also 
an excellent opportunity to com- 
velopmental systems with the 
te capabilities of currently 
ystems. The superb execution of 
trations allow them to serve as 
: benchmarks to measure the ef- 
‘Ss of furure programs. 
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| DEPLOYMENT 


ment of a large force is a compli- 
id difficult operation at best. 
lield required the largest deploy- 
U.S. forces since the Viemam 
| to ensure a reasonable prob- 
f success, demanded that the 
ments of the force were in place 
Itionally ready as quickly as pos- 
* major pacing factors in the 
‘nt phase were the distances to be 
i'd the number of C-5 and C-141 
airlift sorties available. The 
i for space on those critical sornes 
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STUDY OF THE V-22'S POTENTIAL IN DESERT SHIELD/STORM 





By LiGen. Keith Smith, U.S. Marine Corps (Ret.) 
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Figure 1. Kaneohe Bay Deployment 
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Figure 2. El Toro Deployment 
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Arabia 
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fa 


that current medium lift helicopters re- 
quired were of major proportion. Al- 
though helicopters were high priority 


items for early arrival in the objective 
area, they competed with other high 


priority forces for critical lift assets. Had 
the MV-22 been available to the Desert 
Shield force, it would have provided ap- 
proximately the same lift capability. To 
ensure time-distance equality in the com- 
parison, the MV-22 aircraft are assumed 
to have originated from the same stanons 
as did the actually deployed helicopters. 
Twenty-four MV-22s were originated 
from MCAS El] Toro, CA, and 20 from 
MCAS Kaneohe Bay, HI, for a total of 44 
aircraft self-deploying. The remaining 16 
New River-based MV-22s were assumed 
to be sealifted with amphibious ships. 

To enable self-deployment, the Osprey, 
with four internal fuel tanks installed, has 
a flight ferry (no payload) range of 2,100 
NM with a 10 percent fuel reserve. Al- 
though not required for Desert Shield 
deployment, (See Figures | and 2) itis also 
equipped for in-flight refueling. 

The time to load factor in Figure 3 ts the 
hours required to load aC-5 with CH+46Es 
or CH-53Ds. Trained personnel, special 
tooling, ground handling equipment, and 
ramp space availability were pacing fac- 
tors. The comparison uses minimum in- 
stead of actual Desert Shield deployment 
tumes. Dunng Desert Shield, the actual lift 
by 10 C-5 equivalents of 12 CH-46Es and 
12 CH-53Ds from El Toro took 41 days 
from first airlift launch to last airlift land- 
ing in Saudi Arabia. It should be noted, 
however. tf there were unlimited trained 
personnel, special tools, ground handling 
equipment, ramp space, and strategic lift 
available. the El Toro lift would have used 
only 25.5 hours from start to finish. Load 
planning factors are as indicated in Figure 
4+ below. 

Using the above example of sel f-deploy- 
ment, the advantages to [ MEF of an MV- 
22 equipped force for Desert Shield would 
have been: 

* Combat ready in Saudi Arabia 14 
days sooner than the CH-46/CH- 
53D fleet 

¢ 18 C-5 load equivalents freed to lift 
other forces 


C-141 Capacin it aR MN Fe, 2 0 
Load time $802 30 160 10 
C-5 upload ima) 120 5 40 10 


oe a 
check maintenance (Hrs. 
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check (Hrs.) | 


persone! required. Only three to five arcraft can de dusamembied or assembled a 8 ume because of Li 
equroment and tamed pertonnel 





1. Crew of 6-8 skilled 
avasability of specie! tools, ground handling 
2. Times shown are per C-5 of C- 141 bond. 
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Figure 4. Loads, loading and maintenance profile. 
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F igure 5. CH-46E Vs V-22 Comparative ae Data 


¢ Deployment directly to dispersed 
Operational sites, avoiding airport 
congestion 

¢ Aircraft and flight crews prepared to 
undertake the full range of medium- 
lift missions on day of arnval 


ARMY DEPLOYMENT . 


A brief examination of the U.S. Army 
deployment indicates similar lift saving 
advantages would have resulted with 
some portion of the UH-60 force being 
replaced with the MV-22. Actual airlifted 
U.S. Army helicopter deployment of 105 
UH-60S indicated utilization of 18 C-5 
equivalents. The flow time for the air 
movement was 39 days for the [01st Air 
Assault Division, Fort Campbell, KY (90 
aircraft) from first take off to last landing 
in Saudi Arabia. 


DESERT STORM 
EMPLOYMENT 


Performance and employment ad- 
vantages of the MV-22 are examined in 
several mission areas: amphibious opera- 
tions, tactical recovery of aircraft and per- 
sonnel (TRAP), special operations (SOC), 
and other related operations. A general 
comparison of performance charac- 
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teristics of the CH-46E and MV-22 is c#!0! 
tained in Figure 5. These figures are ji" 
ized in the following employm}" 
scenarios. Bin 
£1 

AMPHIBIOUS OPERATION 
Min 

Although it was ultimately not requ? 
in Desert Storm, an amphibious task fq 4! 
(ATF) was prepared to conduct 4M 
phibious operations if directed. The (# * 
coastline of Iraqi-occupied Kuvi" 
presented an opportunity to facilitate}"!! 
general offensive by outflanking the I 
fortified line facing U.S. forces in Sz’! 
Arabia, cutting major lines of cil 
munication, and establishing a lodgnt 
for follow-on introduction of coali# 
forces. In recognition of our amphibil 
capability, Iraq deployed 60-68,000 /1 
sonnel to Kuwait's coastal region with} 
primary mission of establishing a defes 
in depth against a possible landing. Ail 
tionally, the beaches were mined ex 
sively. Within this scenario, the [ 
vantages offered by an MV-22/CH 
force compared to an equal-lift ¢ 
46E/CH-53D force in an amphibious: 
sault are examined. The speed, load, 1 
range capabilities combine to providi 
overwhelming advantage. For exam! 
in order to land MEF assault elem 4 
within 90 minutes (considered minint | 
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nable) in a landing zone 20 NM in- 
| a CH-46E/CH-53E force would 


to launch from a point no farther than 
M offshore; whereas, an MV-22/CH- 
orce could launch at 75NM offshore, 
) NM inland, and still make the 90- 
re time requirement. The map, Fig- 
', superimposes these distances of 
1 and 75 NM on the Persian Gulf in 
icinity of Kuwait and illustrates 
jal salient points: 

il: upper Persian Gulf is a relatively 
i and very shallow body of water, 
deed with oil rig platforms that will 
atively compress ATF maneuver 
6 With exception of a deep water ship - 
faiel leading into Kuwait harbor. unac- 
bly shallow water, in this case 


Wi, extends from about IONM to 









Figure 7. 
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30NM offshore. Because of water depth 
_ limitations, the only possible launch point 
available to the CH-46 force at 25NM is 
in the middle of the channel leading to 
Kuwait port facilities. This would almost 
completely eliminate maneuver room and 
would place portions of the task force 
about 12NM offshore and within range of 
long-range artillery fire. 

The map demonstates the advantage in- 
herent in the MV-22 force's capability of 
launching at 7SNM. The ATF would clear- 
ly be beyond line of sight from the Lraqi 
coastline and in water deep enough to 
maneuver with reasonable safety. If the 
ATF were to move in to a S5ONM launch 
point. Figure 7, it would still be comfor- 


| tably within the distance needed for an 
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OTH operation and yet maintain 
maneuver room. 

In summary, the MV-22's greater speed, 
range, and lift capacity would have 
opened up most of Kuwait and southem 
Iraq to the vertical envelopment arm of 
amphibious exploitation without ap- 
preciably hazarding the fleet. These in- 
creased capabilities would have seriously 
complicated the Lraqi defensive arrange- 
ments. Instead of concentrating only on a 
coastal band about 20 miles wide. the 
Iraqis would have, of necessity. had to 
face the prospect of contending with land- 
ings practically the length and breadth of 
Kuwait and the southern portion of their 
own homeland as well. In faimess, it must 
be said that the CH-46 force could have 


| reached into Kuwait and undoubtedly was 


prepared to do so, but, as the map shows, 
only about half as far and at considerable 
risk to the amphibious fleet. 


TACTICAL RECOVERY 
OF AIRCRAFT AND 
PERSONNEL (TRAP) 


Unfortunately, the air-to-ground phase 
of Desert Storm provided several oppor- 
tumiues to exercise the TRAP mission to 
recover downed aircrewman. Many ef- 
forts were successful—some were not. At 
least some of the unsuccessful rescue at- 
tempts, and some which were not al- 
tempted, were due to the large distances 
of the downed aircrew from friendly lines. 
Figure 8 above shows the vastness of the 
Desert Storm area and the disposition of 
potential targets. 

Given the assets that were available, the 
probability of successful search and res- 
cue within the majonty of the area was 
severely limited. During recent tesumony 
before the Senate Armed Services Com- 
mittee, Army Gen. Carl Stiner stated, 
“Special operations forces assigned to res- 
cue American aircrews shot down inside 
lraq quickly came face to face with the 
limitations of their helicopters.” 

Compared to the current force of CH- 
46/CH-53's, the MV-22 would have 
provided a significantly greater prob- 
ability of rescuing and setuming downed 
aircrew with the least possible msk to 
aircraft as a result of several performance 
factors: range. speed and survivability. 
The increased range advantage almost 
doubles the area of coverage to include all 
of Irag. The MV-22 range capability is 
such that after picking up the downed 
aircrew, it could continue unrefueled into 
Turkey. further enhancing survivability. 
When the increased speed of the aucraft, 
275kts.1s added to the increased range and 
considered with histoncal data that indi- 
cates the probability of rescue decreases 
significantly after the first hour on the 
ground. the advantage of the MV-22 be- 
comes overwhelming. Additionally, con- 
sidering the emphasis during Desert 
Storm on night TACAIR operations, the 
probability of a single sortie being shot 
down at night decreased as a result of the 
cover of darkness. However, the frequen- 
cv of night downings increased simply 
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CV-22 | 
UNFUELED RADIUS 325 $20 d 
(COVERS 9/10 OF IRAQ) | 
SPEED 125 250 
(PERMIT TOTAL MISSIONS 
AT NIGHT) 
TIME 7.08 3.54 
HOVER OUT OF GROUND EFFECT NO YES 
(HOGE) 
SURVIVABILITY 
SMALL ARMS ADVANTAGE 
MISSILE ADVANTAGE 
NIGHT/ALL WX/TERRAIN FOLLOWING LIMITED YES 
MAX ALT (TRANSIT) 10.000 FEET 25.000 FEET | 


* Based on 885NM mussion. hover at midpoint. exfiltrating one special forces team with equipment 
personnel 4.000 Ibs) with mudpount hover conditions. 4.000 feet + 40C 


Figure 9. Special Operations Mission performance comparison 


because of the massive number of night 
sorties. The night, adverse weather 
capability of the MV-22 would have sig- 
nificantiy enhanced the ability to effect 
successful rescues at night, thereby 
providing an additional benefit of in- 
creased survivability of the mission. 


SPECIAL OPERATIONS 
CAPABLE (SOC) 


The Osprey is ideally suited to the spe- 
cial Operations mission. Its speed, range, 
and maneuverability allow a commander 
to attempt missions, with reasonable cer- 
tainty of success, that he would previously 
have rejected out-of-hand. When Iraq is 
examined with respect to distance, terrain 
and the threat. it is evident that SOC mis- 
sions previously regarded as “not doable” 
are possible. On SOC missions such as 
hostage rescue, special reconnaissance, 
aurfield seizure, and direct action against 
such targets as SCUD sites, increased 
capability means increased odds for suc- 
cess. In many cases, helicopters simply 
could not meet the vital requirements for 
range. speed, survivability, hover power, 
or transit altitude. Additionally, SOC for- 
ces prefer toexecute missions under cover 
of darkness because of the clandestine 
nature of most of their operations. There- 
fore. it becomes very important to mission 
success to have vertical lift capability that 
has sufficient speed to infiltrate, ac- 
complish the objective, and exfiltrate in a 
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relative short period, thus allowing4; 
entire mission to be conducted 4 
surprise and stealth under cover of dh 
ness. For instance, to operate agai 
some of the key targets north of Bagh 
would require helicopter-bome fog 
over six hours of just transit time fi 
northern Saudi Arabia to north of Bik; 
dad and retum. The MV-22 could perf, 
the same mission in half the time. § 
SOC mission comparison in Figure $ 
As an example, the 855NM misi 
depicted in Figure 9 done by helicoi: 
would require some part in daylight,® 
would require a forward area refuef 
point and/or numerous air refuelingsit 
ditional risk factors that raise the «&; 
against a successful operation. The If. 
22 on such a mission would require di. 
two nighttime refuelings over frie} 
Saudi termtory and under the covet 
darkness. | 


OTHER MISSIONS 


x 

MedEvac. The time elapsed betws: 
injury and arrival at appropriate mecs 
facilities has been proven to be dire? 
linked to mortality rate. Speed advang’ 
of the MV-22 alone is significant enog 
to save lives. During Desert storm, 1 
lied forces had experienced the exten} 
casualty rate predicted by some, mec” 
facilities in northern Saudi would I¥ 
quickly filled to capacity. The ranget 
vantage of the MV-22 would have i, 
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evacuation from front-line aid sta- 
Ndirectly to medical facilities in 
“Pl Saudi or hospital ships. 
“Imical and Biological Survey 
‘@tions. Had Iraq utilized chemical 
® ological (CB) weapons as it had 
‘ned, a fast. responsive. accurate 
irvey to determine areas con- 
Mted and the degree of contamina- 
i®ould have been of utmost impor- 
va Currently, CB surveys are done by 
mir and ground vehicles. Both not 
MYequire special monitoring equip- 
but also that the individuals and 
lent conducting the surveys must 
Me tected individually since current 
Meters are not sealed against agent 
weition. The aircraft itself will be- 
K@contaminated inside and out and 
WP a hazard until decontaminated—a 
lt: dangerous task. The MV-22. 
s built-in chemical and biological 
wnon systems. could have ac- 
| shed these surveys faster and with 
Herable more safety than helicopters. 
Pantly, the MV-22 would receive 
 irface contamination. which is easi- 
yl sately removed. Intenors. critical 
mj Nents. and most important. crew 
#assengers are located inside the 
Bi which is sealed against NBC agent 
Bxtion. 
-Speed Resupply. 








During Opera- 


i ’mponents. weapons, and ammuni- 
os have provided coalition forces 

, icant advantage if major resistance 

5) Biherialized. Not only would such 





esert Storm, planned use of high-- 


and in large quantities, but the distances 
over which resupply would have had to 
have been transported were vast, and 
availability of high-grade surface 
transportation systems scarce. Large 
quantines of missiles, fire control. night 
vision and other high-tech equipment 
would have been used on a daily basis. 
Since all these items were in short supply 
and relatively fragile, normal truck 
transportation systems would not have 
been appropriate or have met time re- 
quirements. The ability of the MV-22 to 
fly long distances at high speed and then 
land vertically in the vicinity of front-line 
units would have made it the ideal aircraft 
for the rapid resupply mission. 

Insertion of a Blocking Force. The 
synergistic value of speed. range, payload. 
survivability, and a relative stealth ad- 
vantage as a result of a reduced sound 
footpnnt that the MV-22 bnngs to the 
battlefield offers the commander 
maneuver warfare opportunities that are 
not existent in the current force. The resul- 


“Mikely have been consumed rapidly | 1ant advantages offer the potential of ex- 








punding the battleticld. gaining decisive 
surprise. and maintaining momentum 
beyond the enemy's ability to cope. The 
capabilities of the .MIV-22 virtually limit 
the opportunities tor maneuver warture 
only to the imaginanon of the commander. 


CONCLUSION 


If the MV-22 had been available for the 
CH-46E/Ch-53D and Army UH-60 mis- 
sions in Desert Shield/Storm operations: 
it would have enormously improved 
deployment flexibility. reduced deploy- 
ment costs, and significantly reduced the 
time for Marine and Army aviation units 
to become combat ready in-country. 
During operation Desert Shield/Storm. in 
every operational employment scenario 
considered, the MV-22. in concert wiih 
other helicopter and fixed wing assets. 
would have provided a quantum increase 
in balanced force effectiveness. The war- 
fighting advantages of the MV- 22. with its 
significant increase in range. speed. and 
survivability, would have been a sig- 
nificant force multiplier. [t would have 
added a whole new dimension to existing 
SOC capabilities and could have rescued 
a downed aircrew twice as fast. with a 
higher probability of success, than any 
existing aircraft. Overall. the margin of 
supenonty that the Osprey could have 
provided in force maneuverability and 
Support has been the dream of wamiors 
over the entire history of conflict. The 
bottom line: the MV-22 Osprev will 
reduce risk, expand the battlefield. and 
save lives! ® 
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XV-1§ Size 
CTR 
a (8 Passengers) 
e New High-Wing Design 
New Tiltrotor 
Soe (19 Passengers) 
é “oe 
© New Low-Wing Design 
V-22 Min Change 
een (31 Passengers) 
¢ Nonpressurized Fuselage 
V-22 Derivative 
ee (39 Passengers) 
e New Pressurized Fuselage 
New Tiltrotor 
Cee (75 Passengers) 
"Civil Tilt-rotor Missions and Applications: A Research 


Study" by Boeing Commercial Airplane Company dated July 1987. 


84 





LIST OF REFERENCES 


oa . Bacon, Alan J. "The V-22 Program's Need for a More Flexible 
and Farsighted Acquisition Strategy", Student report, Air Command 
and Staff College, 88-0145. 


f2. Ferber, Martin M. "Naval Aviation: The V-22 Osprey - 
Progress and Problems", Rotor and Wing International, October 
990. 

fe. "Tiltrotor - A Brief History", Bell Helicopter Publication. 


September, 1991. 


4. Smith, Danny Roy. "The Influence of Contract Type in Program 
rExecution/V-22 Osprey: A Case Study", December 1989. 


=. United States General Accounting Office report to 
‘Congressional requesters on DOD Acquisition, Case Study of the 
Navy V-22 OSPREY Joint Vertical Lift Program of July 31, 1986. 


5. "The case for the V-22 OSPREY Program," Bell-Boeing 
publication, undated. 


i” Joint Services Memorandum of Understanding on the Joint 
Services Advanced Vertical Lift Aircraft Development Program 
(JVX) signed by John O. Marsh, Jr., Secretary of the Army; John 
F. Lehman, Jr., Secretary of the Navy; and Verne Orr, Secretary 
of the Air Force. Dated June 4, 1982. 


8 . GAO report to Congress on DOD acquisition, dated July 31, 
1986. (Not numbered). 

D. GAO report on testimony before the Subcommittee on Research 
and Development, Committee on Armed Services, House of 


Representatives, dated April 11, 1991. 


10. David S. Harvey, "The V-22 Crash: Not a Killing Blow," 
Rotor & Wing International, August 1991. 






11. Statement by the honorable Curt Weldon before the House 
'Armed Services Committee; 17 July 1990. 


12. j\“Clearer But Cloudier Too," Defense News, Vol 2, No 40, 
20/05/87. 


| 


13. "Air Force Plans To Cut Plans To Buy 80 CV-22 Back to 55 
Aircraft," Inside the Pentagon; Vol 3, No 38, 09/18/87. 


14. +‘\“V-22 price starting to climb as Army drops overweight 
--Jsprey," Navy News & Undersea Technology, 02/01/88. 


85 


15. "Congress urges DOD, FAA, NASA to move on civil tilt rotor,/ 
V-22 is likely,” Inside the Pentagon, Vol 4, no 10, 03/11/7865 






16. "OSD PA&E Recommend Termination of V-22 in Upcoming POM} 
Review," Inside the Pentagon, Vol 4, No 19, 05/13/88/. 


17. "Navy '‘'90-'91 Budget cut V-22 Buys by One Third; Service 
seeks $330 Million," Inside the Pentagon, Vol 4, No 44, 11/04/88 § 


18. "Washington Roundup: The V-22 Tilt-Rotor Aircra& tee 
Aviation Week & Space Technology, Vol 129, No 21 11/21/88. 


19. "Navy Chief Recommends $1 Billion Cut in Marines' V-22 Tilt! 


Rotor, " Inside the Pentagon, Vol 5, No 10 03/10/89. 

20. “Pentagon wants V-22 Cancelled, " Flight International ,}} 
037107539. 

21. "Naval Aviation: the V-22 Osprey -- Progress and Problems," 


GAO report, GAO/NSAID-91-45. 


22. "House votes V-22 Osprey money," Jane's Defence Weekly, Volj 
It; Nev 26. ONY ON eae 


| 
23. "Foglietta Predicts V-22 Will Be Reinstated," - = 
Daily, 11/06/89. ; 


24. "V-22 Termination Touches Off Congressional Storm," Defense 
Daily, 12/05/89. 


25. "Congress-DOD Relations Hurt By V-22 Incident-Weldon,” 
Defense Daily, 12/07/89. ! 


26. "Weldon Predicts $500 Million for V-22 in 91," oe foal 
Daily, 02/22/90. \ 
205 Se) Gray: V-22 Substitute Scheme Ridiculous," Navy Times, 
375/90. : 


28. "BDM Study: V-22 Better, More Expensive Than Helo Options,’ 
Aerospace Daily, Vol 154, No 12, 04/17/90. | 


29. "Institute For Defense Analysis Study the V-22 Osprey,” 
Defense Appropriations Subcommittee Hearing, June 1990. r 


30. "Cheney Won't Reinstate V-22 even if IDA says it's Cos 
Effective," Aerospace Daily, Vol 154, No 35, 05/18/90. 





31. "No request in FY92 For V-22," Defense Daily, 12/17/90. 


oh 
32. e'Naval Aviation: The V-22 Osprey -— Frogress ana Problems,", 
GAO Report, GAO/NSAID-91-45. . 


86 | 
| 


33. "Gray Denies V-22 Lobbying," Defense Daily, 03/11/91. 












34. Hearing before a Subcommittee of the Committee on 
‘Appropriations United State Senate. (Untitled). 101lst Congress, 


second session. 


35. “Effectiveness of Tiltrotor Aircraft in Support of Ground 
Combat," A Janus Simulation; A.S. Warshawsky, D.U. Olness, J.E. 
Pimper, M.J. Uzelac, and J. Wilson; Lawrence Livermore National 
Laboratory; July 2, 1990, DDV-90-0007. 


036. Moffat, Alan W. "The V-22 Osprey - Preparing for Fleet 
Operations". Vertiflite March/April 1992. 


137. “Assessment Of Alternatives for the V-22 Assault Aircraft 
Program: IDA," L. Dean Simmons, project leader, June 1990. 


138. Glick, Daniel. "U.S. Aviation Industry - Opportunities 
Lost. Newsweek: November 25,1991. 


m9. Presidential Press Release regarding National Technology 
mim@ervatave. 15 April 1992. 


40. The Future of Short-Haul Air Transport within Western 
Europe, with Emphasis on the Role of V/STOL Aircraft. (Author 
Jnknown). Vertica, Vol 1, March 1990. 


41. The Dallas Morning News. Article on Technology Drain. 
mectober 30, 1989. 


42. "The Commercial Passenger Market - Tiltrotors",. Bell 
delicopter Textron Inc., Dated February 1991. 


43. "Civil Tiltrotor Missions and Applications Phase IT: The 
commercial Passenger Market", Bell Commercial Airplanes Group, 
January 1991. 


‘44. The Coming Age of the Tiltrotor: Sir George Cayley Memorial 
Lecture given by Philip C. Harwine (VP Market Development - Bell 
delicopter Textron Inc.) November 15, 1989. Brough, U.K. 


45. Civil Tiltrotor Missions and Applications: A Research 
Study. Boeing Commercial Airplane Co., Bell Textron Boeing 
Vertol, NASA ARC (Study Management). July 1987. 


Zee Julian, Harry. "Chinooks Down Under." Defence Helicopter, 
April-May 1991. 


mo 6 Ccomgress Is Right on Osprey". by Edwin Fisher. Heritage 
)foundation Article. May 14 1992. 


87 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 


Alexandria, VA 22304-6145 


Library, Code 52 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Professor Alan McMasters, Code AS/Mg 
Naval Postgraduate School 
Monterey, CA 93943-5002 


LCDR Jeffrey Nevels, Code AS/Ni 
Naval Postgraduate School 
Monterey, CA 93943-5002 


ACMAT=N 

Department of Defence (Navy) 
Campbell Park Offices 
CP2-6-12 

Canberra A.C.T. 2600 
Australia 


Defense Logistic Studies Information Exchange 
U.S. Army Logistics Management Center 
Fort Lee, VA 23801 


LCDR Jay Mahaffey 
Commandant (G-OAV-1) 

U.S. Coast Guard 
Washington, D.C. 20593-0001 


LCDR Mark O'Brien RAN 
Department of Defence (Navy) 
Campbell Park Offices 
CP2-6-13 

Canberra A.C.T. 2600 
Australia 


88 

















DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
| MONTEREY CA 93943-5101 








Pea i a 
F 
a 
. 
rs n 
or 
Or 5 
n 
On s 
’ r 
a r 
A t < 
o as 


_ 


ies 
pr 












a 
Py 


























































































































































































































































hea") 
rw roy ‘ 
<a . 5 ea ae 
ers 5 4 5 
re SO as 
i 5 . 
a 
ny pret 2 4 if a i = 
eal 4 ae . 
He KS a ie ‘ 
2 TEL ry r 
ry ia | 
ok a p 
» . cd : 
Ra . oar *- 
ter ¥ ‘ Fe ro 
Puta Ss 2 bee 4 oo 2. Shae rear pore? ear i 
ur feel PLD ser er he Re Ae aes eee re oT) ss * Dy 4 pe 5 Ty ray ts * 
Sar oer a A he a rhs x ° Hehe OF Peis lara B agaes's u Ce eas ° 
rae vA Lore oe ba 4 : F i EB P paar Hy ea Co ey ae 
ong cs i . lo * A 2 sy Ll at bd af Hs Ne 5 7 
regen te i a 4 a e Pi H i H CSP Sete ae A Sas at a es asasie aaa ST aiee ts ne 
Ra : Poe Fy t he r ars 
ao? Cae ws 
Let ¢ oO ie a rt 
si Parry) aa A Ps 
* dale " ry is ide : 
SY cc hy Wey Pc, ee : i is i 
PY) eran a. iM tre ere Ter, . : f 
< a ro Pa era oe * ote nu : . 
Ge ate : , : = bt * rt r AS L bar km es ero Set Y oS ary « Part ra 
pe eat Hy Hi i cae . ; or errr CTS eet Coe ie ; 6 dee beerty iy ot hu Re id ® es es WN Rot « ” ie ae Ps 
i , ry ys a Py - ee aise . ; r ce une Sr a asererg Cy a - A 
5 : oi r . x ‘ 
ae then Fi Reet St Peay Nar ae aD ae nar) ae 
- H : A 5 s oa ry 
a ee bi 4 s i are PuMFe pepe ege ae OST oft ot re De Gt 
pe Pil ta bee) ae reer ee ee Cr on PaCS af anes 
* 
~ oe Ry ° Pa . ny | a ; ir i . 
r oe Ph ag } Tt Og Phe tis rt re oe Per iF * oe LH ated Pc) 
Prt " - ee ars s Fee eR ALAS OL Rpt? Oa . = 
M ihe Ce iy : ja Vas Rt "ty RT test F Be Utes, ee bi bse ‘s Oe aha re ae rt : 
iY NTO Cee | A a ok ea id hy ae Hera ae bd es a - a 
Phe p eee Ts ee i Oy er ie z 7 eae 
ere eae rer rs eae f he iC bee ed Taree Melocdomy eet Vhs site Wah Bebse ag oe cate ge gthe” . Cheers ee 
ict Thee ay rth ca rue rer ny ALA alta : 7] Pate Peep an ere Cre ete 7 
3 So ata a eS Be wh) OOS ee obras Ang, rare Re 
re Dieta Fit ae Por eee Be Sa cS rae ae nes ee y 
Fo edt t ‘try i ap er te tavepeth ag & = s ny om) 
ua Bataan) Ce ns ; 
to Larry ryan pe tea 
re " co) Pree res ty PLT ee ees ‘, Pi H t es 
: f Ht LA y f Sia wy Clan eh Oe ca * ; 
ee sa sf i pee ry Oe pe on Hicld Pt Pa rac 
ie ¥ ae } \ ‘ on Pee) ed : bs Les * « 
ne ey ad ; ’ at 5 HY z Py : mb Cy eee . a Ps t a Bry 
“ vehi ; a a Z Ps . : i eT hy an Oe Pe AT ge ~alieibeiacees J ts Bas oe Ca 
> 3 Poy Peat at Pha bral d> Pam tt oe 5, Ae eT} fot ie har ie » 5 Be i ‘ 
7a A fare sh mee PAP iG } a "rhe ese ge at a . Arete o tar : 
be My . , ue SEY nt % Ret ee eho ra : ho oe ty ee 8 oa a) 
aoa egh! ari ty rt 2 5 " a 4 Tt he’ Lh Sua cannes 
Aa ee na re Pi ae rh Patel Hp : A Pee Mts A a 2 Tare yerse Mr at arty fy ole ae rere ee 
t arr ee 3 2 P 4 Fi : a , 
Sl eee eS er PE eee ron p ; att eee f st eteee ith : Y Sou p 5 GE AS ae aos SUB AS Coa Ne eer 
ey rs : as i nl rhs ’ : f 2 } s Li ar Pe ‘ Len ee CT a 
pe . +5 ” 1 4 rm - ee) Pat Ce ee ie Ca i a ra ae WH 
ea: i A CeCe aD #) Cer h z RRS oe ee Pevee sats tt ee apt : 
Py FY tf ¥. : Py be F "4 ‘ +8 ene @o« tal a een us ay tase 
f ; gees he F 5 s%= Smee hat er 
ro OY ae ee We an Ur Ce Dees aa 
et ae : ' , PP) Aine t &. ar roDedpone va, Cr ant y sae ee ra iy os pris it 
fs Drie é. fi : t tics cL ies x ity Sp rears va , ; See 
#33, eee a i eh Nees 4 erate & : F ih Pra Se 7 Hae oe LA oben Seems ie 
RAL RPL Ae a ete ae oa dene Oy Ca ees et as ; naa £ 
cS 4 a ei A on *fed i SSM Cr LC roe Sais a mn : : 5 on : 
FS ey er an eMeEt catg te aa ae rs ; as amy 
ms) | rh hee PP tree bee 2M ts 7 
a no arr LepborPre et pet tek res DF : ae 
ory so are s 1 asi ‘ : i ripe’ =at at | Gia UJ a cos 
A tet tens erably z : re sens d we +] wd. oo at? Le ‘ 
PAL eles te A , cd oe Pie tee oe BT 1 ¢ | at ares re iu i : ; 
Ba oe tra heas Seas CEPA Fad , ha & h ry o : oe bas nae ig = eres : Pa 
cee Ba teres rae) ‘ ner a fa ys | ; pS Shia ee , tg He a TY Rey) ; Co ene ao. 1s 
Fy 3 L as b Pe era PTL d she LU 5 Aes 
yt ey oe ay ‘ Nit ‘ g , ; Lo : Rss na at) “ Pr roe p Se Le hae  rpeuem ro MA LAH arty : baat ICA aes te La 
ads a oa : Art ae ay h As fy RSM Toads ae cee 1 Ys hr a MOET eS ey icy Net eer aa A a ue 
mines ; i fe H 5 Prt ; Ai ma Ree ES Dots ih byt a ’ ed Cra tor er) <i agri $ . 
set cS z Hes Z : Ly iy ri £ ‘areey Pee . oe Se abe oT : : ie i 
, Pav i S , are 4 an G oe are ae aa Side, Seals A . te Bt 
meat SY the desterd sf bac | Sorvotta i } ie Her or a os . ot . eke 
t Peeper ACHR pealal pari a . F AL a « Ps 
; Pin ee ee CT Be PAA ERLE Pee Le IE ad ; a 
. Be bes 3 ‘ At] ay em frre ee) ony LO 
Bt te ‘ Cau H Parole a xs JOOS i 2 ee) 
ay aeons ers sane’ & a le ayy er Ty in a GT a aie ot A 
ti 2 5 Ly . i . 5 : y ; 
eey Saad La! abd | ? * PS Ee bd od $ 4 ry The 2g dhs Boh ahs eat ek eek ee ae = 
AAA a Lean q ' arta : La od bs eas 4 Tara by rh Py Pars i CPS eT EW EE ar re k ae : Sac ers Me cnet er 
A . aa , er els S i : a os 
bh a Lae rR e RY N F a “es Th ie Sm eth seth . rr To oe Ret read yet] ue 2 
had are) Far rear aH 2h eyaee ee bets cet 13738 ee OR 
wy rate . NP ae) : } ; ED Lean on eed Fo ’ . 
» 3 OTT bal J Pir y 
WV ted her: > Tae hte r : rit r . P ner te) ie ete he P "Sate a > aor | 
Ks eee re = @ vily fe entees tt ane Co ara 
Py ae avein se & > t_ ope we «8 
of a) ao a ee ee 4 
7) a ae Bi b } a 
Deree Swe ry Pua Pr Peso eae ae Fs 
Re Hed Fs f. 4 cee ata scan O 8 wis Heal ¢ Bo hae Prey tee et - 
Lee aes te Fa ip oe a a fer AC Ste PO I Pera et PD al ace md Te AL Sto iy Lal We 
Bere tty aa Ea ~ y Poh Pe aera oe ts SNe Scar p Ms ; ‘vei pO ee MAG ON eta a EC ay a Sa Rg Oe ea = hee 
F ha my aniea te ita Bry 4 , tee 3% 1 rarest we On fe phate Peers By {5 ee ee lH emul ebd a Si aaan Lh 
5 ( oie Be aru earns Doe AO a riot ars ; cet 
ry Tie Oe el Oe, ee ee WA Le ar eee ees Cys Soe 
HAE Nair et ide hd Et on h. ww Leet Pa Partie aa 
ie Ree rh Sry Phe Oe Ts arty yi Frc iene 5 
“! en i s 
ez iy My ‘ F. y Fi s oS ay i = a 
£ ye St ee eta ie 
aS Mthoed* a ¢ 





Ae ny 
Soa 
ce eC Be eee + ae 

























































































































































Rete ta a 
PY of a eo 
tetas eat Y y F ; TAC ; g " : roren ro : ear we Tres a Peete tt ar rf 
oT R TE ay ny bs 1 wh le t } A 2a ey asa a cee a? 
ct t 4 5 r r ‘ ithe b ce ‘4 Posy ie aL eRe eo ore it cya beh Le 
chy By Y 5 hs Prevstd, jape ° a¥er n ny 
its mae 32-5 : i Hs sant ree: ania TT 
Ais Sars i hy : f : ay pay Ay BAR ar rrr a vA AO 
y xl A Priel Hs he ay Py ry a ? f Oiat ops cpm aed es fy Ber io Sart 
Pea Nes U : : : tty i tao H : mavecd see dake be ase Dakota) pany Le a 
cea : 9 Pie 43° CREAT hl) oki tT) tL 
ea Lae aT 2 aN Se > Ptepe 2° tod. Port ar 
: B 4 a ae tt] Cote oe ee ee aehas 
AE y H : } : f hag) Fad Lar Paras | vat EBL | 
. 5 Cire. tA Hj se . s re ed Y & Pee) ae bee eee es ee Tee oY ase te 
iad d aoe hee rae : LT ie ce a) Te 3 a ee Feaye 7 Be -9 Baha eS 
al ab nv a i b : Li car 4 eh ie 
ei SE PSone S etree rn MS 4 i Lr a ad eee) ra a LA ee 
RAEN DIS ME 7 : ark i Has rs aH me : be 1 ae bn anh) grrene? taen bE Theres) c 
f -! r Soesee Me: i oy P ‘ 
Wi Neate vet es x 4" y+ we) st Ls a ‘ 4 z bee ’ 2 i] Heo ry a i ) att Hae Sei koa 
ite ee et a A i, se 4 Secor ar ; : cy) Sarr ts baat Se eT SAA 
ba ; s . . eet ee S ue a Ki A ete ne SEL IT he e pater he oy “wets fe ge sta irs meer’ 
4b Paya A wftd ob 8 4 ¢ >> seh. s Orta v1] os rr as | Sem aA 7) on “sos or Le 
1 ead eo: she eth ey tan er ee Tt ted OT ied Vie eee Or) Po) ee aoe P 4 Cry 2) 
“pe ETA ae Brac Niieien Boel : a os Pi F * 
wif REsY ee oe Crs en a Ht ” . Bs 
oer, 3 Prat ert ree ee j . mee 
fi a wo Ped KE heey , > 
ois rt AN ate iy The te Ee : od 
ai acre reed aH ty “ated aro f Lars a . 
may ray ms oo ereeh os >, tls The aly areas Fl coe. 4 nt hi Pe 
mad A Rt) ho ) bd 2 bab gh ng, sfeue pes ot wae td 
re aa ran sto detn oS oe ge tess Pod  b - E ‘ 
AR AS 2 oar Pres) a aes a) Te : 
Oar a eat os G ate tase Cheep 8g vie! ek. 
rs Lb reed ae Cah? Bae ra Prior $ oe 
7 | Oa? CT da ee) 
Te vesegl re aren ne ed MR eh 2 ten : 
Ss ; POs tes a ree ° Lt * 
ara et % ak ere ay a " ae Md - 
ts 5D ALT an) ee see a. oa) , 
q x ee ¢ We 5 x Je | ia t4 LD eta 05 BI eS is “i hl oan nh Oy ear 
3 . eenyy ww 38 o q,° eegtarhe oy ae ° a / 5 
FS Acar Peat H ry ra aes 
ae a ‘ : F : Wash, So ML hae s Nee Ha ree ATR TIIR! O.Ges Dae os 
‘n Eo) ta hata Sate PSs f ba ie Pee ove pak Fageag ithe Bh aa Pg agtes OE i bd a a ah 
Eee Hada sac He ; f rm ; was wer tint at Tore pH bn eh a) ae Le +? 
A r See oe 4 rea Sak! ar : ae shee H eas 4 = oy Ld 
ee “a 4 ais Hs coat heeds, ne Pi ot Fs + AS , 5 
be a ee Le if ’ rp Ue see Je deregee i bs 
a OT Pt) Bc ee ek Se ee ON * shee i . A ee H ‘ whe * sates 8 * bd 
ne en oe ras AY Rees tt) arate D ie HEC MS ae SSI ae Uap tl CO i Op Cs pe EG , : 
Par wrengy ' ‘| 7 PNY Rar i pa S ane par ys CC er Ae th eet eee ait rd Kees a aah TE 
CE bbe vetay fre Phere Ba Pere ry eyo | - Peas 
rory) 5 praHn i bam Pt N At heheee Cure eo ** ar a a 
ri Hr i) . 
ey Wer tye? Wa wuecs Y . > L aes : ath Dobie ci erat ee a ) 
sae ar i Ro i i aioe ame bon bs } - oe SLOT aL ta CTE CICA I ito SC Ra 
4 = 2 BE Ps . ‘ * = he r bi ‘ rd t A . 
Pe aAY i ae y - i oly A ea Ten ees ‘a ai 
a Ofte oe i — oe P 
ry SY rer a oe) . *. i 
bd ahd re sere) gt . “i, el ee, hae Py 
eo. a ey PT Sor Le Lae ws ra Con | 
ens: A en a ath AY oer tat aS Mee | Hohe an i A re ee ren 
4 Bun H Eb ai eee oat Ht RE Pere | Se he tts ee es 
. ai N} a f iy Py nh r we w e-t 9 i - 6 F.%e Cs * 
(a » te A Pes br - er) . 
? ° e@« @ ao e a * 
. a oy 
an aad 2° ° S 
ar fy o pi ee 
Seta ; rs ae SRE ; hes A A “te oa ree pee 
Le Sh » § i] aeehs res St . nd ry 
PORE oe ee bee : 
A ed gh “ ‘ey ry ed. Y Lr Bi . » Lethe a2upt fa ea “oat ad er Ls Pa a i 
badd Hi 4 2 ‘> 3 2 Nee be . Chen pt teys a , ce Pee) ere al bee res) ia 
Bae : ¥ We ; i. wees rt 4 esr Care es Fee Gates LOL eaten eas , , 
” ee Se, ete oy ” 
ee eye Le ‘ ef fs ny +. @ 
3. aa oe” gs iPr * +a 7 S es 
a2 oper 8 Pees sau tg * Pies or et hy Oa ry Fy S 
oe ee ce t D CaS | ae eee oy ry LI 
it nor An We os PL ee On ee ee er 
Rt By ry i HY u apy ote oh tT ey ha ' Carre Ci Gt ea at r 
Pt ee ® i sy ‘ ba ry LY 4 L ri ‘ye, h . : Yi ry re ee cae Pepe warts ae hed O sep ase te : oe ane “ . ° EOD 
; Ppt ol win ae? Rh : r ; ae v7 aa eS he | 3 Ras th ens paves Fs 





rE 
bi ees pe 
H 3 

cele a BS Heth Aare ei BN 

Sooe mai pairat 


Sean 


a Mats ran 


Pret % rw otras 
pane rece i 4 Po a 5 rf fy : 
et ‘ , tae te yey A 
ate ene Poet rc 


oe a Death creat att Lava saan a 


Nery 




































a) 
aed 2: ws Fe ett H ; $ 
he | Bes ye f eee ae ory PER 
*, al ore n “ A | Pi 
Oy i ee ie *s hor 1. 
BT BATA Doan Ture Pao 
obi Pr tt ad | tel an Ry 
* nt) ts ha t ae 
Ae y LAE Te oe eh bs Oe ee 
+ tai om Yes ace. > Olfe 
« a ts r cay ee 
Pht id act «a, # oobt e pty get, 
' a A ee er fi a Pees 
> 9 





igh abies & 

cs 

Be a o'er ers. 

; YA ete - 

A A Greek Le oF 
7. bt 4 . * " h . 

Um SR af Sr rar tty Tl raety oT rs ria 














an 


q " % , a 
Pare fh eh Ath f BS Eh oe Aa ths F 
ee ’ By re of ot Ho LFA.) Ch bs a ai J Hee a ri ie ae FS aie 
fis on AM ni , 3 Sao j ft H 
cee 3e ; 7 ; SE Neri 












A ih: se ae a 
Pah fe ee A oY a 

9 weap ler "i Cee Nees 
Pee BT q x Saba Tee 
ot ea 

eel ee 


By sai Oia) ie ‘ 










a 


pM e See 
aa HS 


